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Field of "the TnvfnHnn 

TTiis invention relates to imidazoquinoline compounds that have eUttr and aiido 
fiinctionality at the 1 -position, and to phannaceutical compositions containing such 
compounds. A further aspect of this invenrion n=lates to the use of these compounds as 
mimunomodulaton. for mducing cytokine biosynthesis in animals, and in the treatment of 
diseases, mcluding viral and neoplastic diseases. 

Biackerou Dd of the liiv»nHn« 

TTK5 f«st reliable n^rt on the l/f-imidazo[4,5-c]quinoli„e ™^ 
etal..LQffi^. 15. '278-1284(1950)describesthesynihesisof K6-methoxy-8- 
quinoH„yI)-2-methy!-l//-imida2o[4.5-c]quinoline for possible use as an antimahrial 
agent Subsequently. syntheses ofvari6us substituted l^-imida2o[4.5-c] quinolines were 
ttported. For example. Jain etal..IJ^sd.Q^ ,,, pp. 87-92 (1968), synftesized the 
compound l-[2H(4-piped4y|)eftyl].i^.i„^dazo[4.5-c]quinoline as a possible 
anticorivul^nt and cdrdiovascular agent Also. Baranov et al.. QsbU^ 85. 94362 

(1976). have reported several 2-oxoimidazo[4.5<]quinolines. and Berenyietal L 
HeterocYclic Chem. 18, 1537-1540 (1981). have reported certain 2.oxoimidazo[4.5. 
cjquinoiines. 

Certain iy/-imida2o[4.5-<:]quinolin-4-amines and 1- and 2-substituted derivatives 
thereof were later found to be useful as antiviral agents, bronchodilators and 
immunomodulators. n«se are described in. inter alia, U.S. Patent Nos. 4,689338- 
4.698.348: 4.929.624: 5.037.986; 5.268,376: 5,346.905; and 5.389.640. all of whicl. are 
incoiporated herein reference. 

There contini^in to be interest in the imidazoquinoline ring system. 



Certain IH-imidazo[4.5-c] naphthyridine-4-amines. IH-imidazo t4,5-c] pyridi^4- 
amines. and lH-imida2o(4.5-c] quinolin-4-amines having an ether containing substituent 
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at the I position are known. These are described in U.S. Patent Nos. 5,268,376; 
5,389.640; 5,494,916; and WO 99/29693. 

Despite these attempts to identify compounds that are useful as immune response 
5 modifiers, there is a continuing need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 



Summary of the Invention 

We have found a new class of compounds that are useful in inducing cytokine 
10 biosynthesis in animals. Accordingly, this invention provides imidazo[4, 50c]quino!ine-4- 
amine and tetrahydroimidazo[4, 5-c]quinoline-4-anune compounds that have an ether 
containing substituent at the l-position. The compounds are defined by Formulas (I) 
and(II), which are defined in more detail infra. These compounds share the general 
structural formula: 




wherein X, R|, Rz, and R are as defined herein for each class of compounds having 
Formulas (I) and (II). 

The compounds of Formulas (I) and (II) are useful as immune response modifiers 
20 due to their ability to induce cytokine biosynthesis and otherwise modulate the immune 
response when administered to animals. This makes the compounds useful in the 
treatment of a variety of conditions such as viral diseases and tumors that are responsive to 
such changes in the immune response. 

The invention further provides pharmaceutical compositions containing the 
25 immune response modifying compounds, and methods of inducing cytokine biosynthesis 
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in an animal, treating a viiaJ infection in an animal, and/or treating a neoplastic disease in 
an animal by administering a compound of Fomula (I) or (II) to the animal. 

In addition, the invention provides methods of synthesizing the compounds of the 
invention and novel intermediates useful in the synthesis of these compounds. 

Detailed D escription of the Invention 

As mentioned earlier, we have found certain compounds that induce cytokine 
biosyndiesis and modify the immune response in animals. Such compounds are 
represented by Fonmilas (I) and (II) as shown below. 

ImidaToquinoline compounds of the invention, which have ether and amide 
functionality at fbt 1-position. are represented by Formula (I): 




(I) 

15 

wherein: X is -<:hRj-. -CHRj-alkyl-. or -CHRj-^lkenyls 
Ri is selected from the group consisting of: 
-R4-CR3-Z-R<s-aIkyI; 
-IVCRr-Z-R^-^alkenyl; 
20 -IVCRj-Z-R^-aryl; 

-Ri-CRj-Z-R^— heteroaryl; 

-R4-CR3-Z-R5— heterocyclyl; 

-R4-CR3-2-H; 

-R4-NR7 -CR3-R«-alkyl; 

-Itr-NR7-<:R3-R^-alkcnyl; 

-R4-NR7-CR3-IV^ryl; 

-Rr-NRr-CRj-RHicteroaryl; 



3 



wo 02/46188 



PCTAJS0t/4d359 



-R4-NRT-CRr-R«-hcterocyclyl; and 
-R4-NR7-CR3-R8; 
each Z is independently -NR5-. -0-, or -S-; ^ 
R2 is selected from the group consisting of: 
5 -hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 

-hcteroaiyl; 
10 -hctcrocyclyl; 

-alkyl-Y-alkyl; 
-alkyl-Y-alkcDyl; 
-alkyl-Y-aryl; and 

- alkyl or alkcnyl substituted by one or more substituents selected 
1 5 from the group consisting of: 

-OH; 
-halogen; 
-N(R5)2; 
-CO.N(R5)2; 

20 -CO-Cmo alkyl; 

-CO-O-Ci-io aOcyl; 

-N3; 

-aiyl; 

-heteroaryl; 

25 -hetcrocyclyl; 

-CO-aiyl; and 
-CO-heteioaiyl; 
eachRjisOor^S; 

each R4 is independcntty alkyl or alkenyl. which may be interrupted by one 
30 or more -O- groups; 

each R5 is independently H or Cmo alkyl; 

R« is a bond, alkyl, or alkenyl, which may be interrupted by one or more 
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-O- groups; 

R7 is H, Ci-io alkyl, or aiylalkyl; or R4 and R7 can join together to fonn a 

ring; 



each Y is independently -O- or-S(0)o-2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Ci 
alkyl, Ci-io alkoxy» hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 



The invention also includes tetrahydroimidazoquinoline compounds that bear an 
ether and amide containing substituent at the 1-position. Such tetrahydroimidazoquinoline 
compounds are represented by Formula (II): 



wherein: X is -CHRj-, -CHRs-alkyl-, or -CHRs-alkenyl-; 



R« is H or C|.io alkyl; or R7 and Ra can join together to form a ring; 



10 




NH2 



15 



25 



20 



Ri is selected from the group consisting of: 
-R4-€Rr-Z-R6-aIkyl; 
-Ri-CRr-Z-Ri-alkenyU 
-R4-CRr-Z-R«-aiyl; 
-R4-<:Rr-Z-R<-heteroaryl; 
-R4-CRr-Z--R6-hetcrocyctyl; 
-R4-CR3-Z-H; 
•R4-NR7 -CRr-R6-alkyl; 
-RH^7 -€R3-R«-alkcnyl; 
-Rf-NRr-CRj-Rc-aiyl; 



5 



wo 02/46188 



PCTAJSOl/46359 



-R4-NR7-CRr-R«-heteroaryl; 
-R4-NR7-CR3-R6-heterocyclyl; 

-R4-nR7-<:Ri-R«; 

each Z is independently -NRr-, -0-, or -S-; 
5 Rz is selected from the group consisting of: 

-hydrogen; 
-alkyl; 
-alkenyl; 
-aiyl; 

10 -heteroaryl; 

-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y- alkenyl; 
-alkyl- Y-aiyl; and 

15 - alkyl or alkenyl substituted by one or more substituents selected 

from the group consisting of: 
-OH; 
-halogen; 
-N(Rj)2; 

20 -CO-NCRsh; 

-CO-Cno alkyl; 
-COO-ci-io alkyl; 
-N3; 
-aiyl; 

25 -heteroaryl; 

-heterocyclyl; 
-CO*aiyl; and 
-CO-hctcroar^ 
cachRjis-Oor-S; 

30 each R4 is independently alkyl or alkenyl. which may be intcmipted by one 

or more -O- groups; 

each Rs is independently H or Ci.io alkyl; 
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lU is a bond, alkyl, or alkenyl, which may be interrupted by one or more 



-O- groups; 



R? is H, Ci-io alkyl, or arylalkyl; or R4 and R7 can join together to fom a 



nng; 



5 



R« is H or C|.io alkyl; or R7 and R« can join together to form a ring; 
each Y is independently -O^ or -S(0)o.2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cm 
alkyl, C|.|o alkoxy, hydroxy, halogen, and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 
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Preparation of the Compounds 

Compounds of the invention can be prepared according to Reaction Scheme I 
where R, R2, R3, R4, X, Z and n arc as defined above and Rn is -R«-a]kyl, -R«-aryl, -R«- 

1 5 heteroaryl or -R^-heterocyclyl where R« is as defined above. 

In step (I) of Reaction Scheme I a l//-imidazo[4,5-c]quinolin-l-yl alcohol of 
Fomiula X is alkylated with a halide of Fonnula XI to provide a l//-imidazo[4,5- 
c]quinolin-l-yl ether of Fonnula XII. The alcohol of Formula X is reacted with sodium 
hydride in a suitable solvent such as N J*f-dimethylformamide to form an alkoxide. 

20 Alternatively, the alkoxide can be formed by adding the alcohol to a biphasic mixture of 
aqueous 50% sodium hydroxide and an inert solvent such as dicUoromelhane in the 
presence of a phase transfer catalyst such as benzyltrimethylammonium chloride. The 
alkoxide is then combined widi the halide. The reaction can be carried out at ambient 
temperature. Many compounds of Formula X arc known, see for example, Gerster, U.S. 

25 Patent 4,689,338; others can readily be prepared using known synthetic routes, see for 

example, Gerster et al.. U.S. Patent No. 5,605,899 and Gerster, U.S. Patent No. 5,1 75,296. 
Many halides of Fonnula XI are commercially available; others can be readily prepared 
using known synthetic routes. 



30 Formula XII is oxidized to provide a l/f-imidazo[4,5-c]quinoline-5N-oxide of Fonnula 
XIII using a conventional oxidizing agent capable of forming N-oxides. Preferably a 



In step (2) of Reaction Scheme I a l//-imidazo[4,5-c]qutnoIin-l-yI ether of 
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solution of a compound of Formula XII in chlorofonn is oxidized using 3- 
chloroperoxybenzoic acid at ambient temperature. 

In step (3) of Reaction Scheme I a l^-imidazo[4,5-clquinoIinc-5N-oxide of 
Formula XIII is aminated to provide a l//-imidazo[4.5-c]quinolin-4-amine of Formula 
5 XIV which is a subgenus of Formula 1. Step (3) involves (i) reacting a compound of 

Formula XIII with an acylating agent and then (ii) reacting the product with an aminaling 
agent. Part (i) of step (3) involves reacting an N-oxide of Formula XIII with an acylating 
agent. Suitable acylating agents include alkyl- or arylsulfonyl chlorides (e.g., 
benezenesulfonyl chloride, mcthanesulfonyl chloride, p-toluencsulfonyl chloride). 
10 Arylsulfonyl chlorides are preferred. Pcra-toluenesulfonyl chloride is most preferred. Part 
(ii) of step (3) involves reacting the product of part (i) with an excess of an aminating 
agent Suitable aminating agents include ammonia (e.g., in the form of ammonium 
hydroxide) and ammonium salts (e.g., ammonium carbonate, ammonium bicarbonate, 
ammonium phosphate). Ammonium hydroxide is preferred. The reaction is preferably 
1 5 carried out by dissolving the N-oxide of Formula XIII in an inert solvent such as 

dichloromethane, adding the aminating agent to the solution, and then slowly adding the 
acylating agent. The product or a pharmaceutically acceptable salt thereof can be isolated 
using conventionat methods. 

Alternatively, step (3) may be carried out by (i) reacting an N-oxide of Formula 
20 XIII with an isocyanatc and then (ii) hydrolyzing the resulting product. Part (i) involves 
reacting the N-oxide with an isocyanatc wherein the isocyanato group is bonded to a 
carbonyl group. Preferred isocyanatcs include trichloroacetyl isocyanate and aroyl 
isocyanates such as benzoyl isocyanate. The reaction of the isocyanatc with the N-oxide is 
carried out under substantially anhydrous conditions by adding the isocyanate to a solution 
25 of the N-oxidc in an inert solvent such as chloroform or dichloromethane. Part (ii) 

involves hydrolysis of the product from part (i). The hydrolysis can be earned out by 
conventional methods such as heating in the presence of water or a lower aUcanol 
optionally in the presence of a catalyst such as an alkali metal hydroxide or lower 
alkoxide. The product or a pharmaceutically acccpUble salt thereof can be isolated using 
30 conventional methods. 
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Reaction Scheme I 





Compounds of the invention can be prepared according to Reaction Scheme II 
where R, Rj, R4, R7, R„, X and n are as defined above and BOC is /erz-butoxycarbonyl. 

In step (I) of Reaction Scheme U the amino group of an aminoalcohol of Formula 
XV is protected with a /cit-butoxycarbonyl group. A solution of the aminoalcohol in 
tctrahydrofuran is treated witfi di-Ze/t-butyl dicarbonate In the presence of a base such as 
sodium hydroxide. Many arainoalcohols of Fomula XV are commercially available; 
others can be prepared using known synthetic methods. 

In step (2) of Reaction Scheme n a protected aminoalcohol of Formula XVI is 
converted to an iodide of Formula XVD. Iodine is added to a solution of 
triphenylphosphine and imidazole m dichloromethane; then a solution of a protected 
aminoalcohol of Formula XVI in dichloromethane is added. The reaction is carried out at 
ambient temperature. 

In step (3) of Reaction Scheme n a W-imida2o[4.5-c]quinolin-l-yl alcohol of 
Fomiula X is alkylated with an iodide of Formula XVII to provide a W-imidazo[4,5. 
c]quinolin.l-yl ether of Formula XVID. The alcohol of Formula X is reacted with sodium 
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hydride in a suitable solvent such as NJ4-dimcthylfonnainide to form an alkoxidc. The 
iodide is added to the alkoxide solution at ambient temperature. After the addition is 
complete the reaction is stirred at an elevated temperatuie {-lOO^C). 

In step (4) of Reaction Scheme 11 a lff-imidazo[4,5-c]quinoHn-l-yl ether of 
Fonnula XVin is oxidized to provide a l/f.imidazo[4,5-c]quinoline-5N^xide of Formula 
XDC using a conventional oxidizing agent capable of forming N-oxides. Preferably a 
solution of a compound of Formula XVm in chloroform is oxidized using 3- 
chloroperoxybcnzoic acid at ambient temperature. 

In step (5) of Reaction Scheme E a l//.imidazo[4,5-c]quinolinc-5N-oxide of 
Formula XIX is aminated to provide a li/-imidazo[4.5-c]quinolin^-amine of Fonnula 
XX. Step (5) involves (i) reacting a compound of Formula XIX with an acylating agent 
and then (ii) reacting the product with an aminating agent Part (!) of step (5) involves 
reacting an N-oxide of Fonnula XIX with an acylating agent Suitable acylating agents 
include alkyl- or arylsulfonyl chlorides (e.g., bcnczencsulfonyl chloride, methanesulfonyl 
1 5 chloride, p-toluenesulfonyl chloride). Arylsulfonyl chlorides are prefened. Para- 
tolucncsulfonyl chloride is most prefened. Part (ii) of step (5) involves reacting the 
product of part (i) with an excess of an aminating agent Suitable aminating agents 
include ammonia (e.g., in the forni of ammonium hydroxide) and ammonium salts (c.g.. 
ammonium carbonate, ammonium bicarbonate, ammonium phosphate). Ammonium 
20 hydroxide is prefened. The reaction is preferably canied out by dissolving the N-oxidc of 
Fonnula XK in an inert solvent such as dichloromethane or 1,2-dichloroethane with 
heating if necessary, adding the aminating agent to the solution, and then slowly adding 
the acylating agent. Optionally the reaction can be canied out in a sealed pressure vessel 
at an elevated temperature (85-100*). 
25 In step (6) of Reaction Scheme D the protecting group is removed by hydrolysis 

under acidic conditions to provide a l//-imidazo[4.5<]quinolin-4-aminc of Formula XXI. 
Preferably the compound of Fonnula XX is treated with hydrochloric acid/ethanol at 
ambient temperature or with gentle heating. 

In step (7) of Reaction Scheme U a l//-imidazo[4,5-clquinolin-4.amine of Fonnula 
30 XXI is convened to an amide of Fonnula XXU which is a subgenus of Fonnula I using 
conventional synthetic methods. For example, a compound of Formula )Oa can be 
reacted with an acid chloride of Fonnula R||C(0)CI. The reaction can be canied out by 
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adding . solution of fte .cid chloride in a suitable solvent such as dich.orome.hane or 1 - 
methyl-2-pym,lidinone to a solution of a compound of Fonnula XXI at ambient 
temperature. Alternatively, a compound of Formula XXI can be reacted with an acid of 

Fon.u.aR..C(X>H. The reactioncanbe carried out atambienttemperatu^inasol^^^^ 
such as dichloromcthane or pyridine using a standard coupling reagent such as 1 > 

drcyctohexylcarbodiimide or l[3-(dimcthylamino)pn.py,]0.thyIcarbodi^^^^^^^ 
pioduct or a pharmaceutically acceptable salt thereof can be isolated using conventional 
metiiods. 
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Reaction Scheme II 




Compounds of the invention can be prepared according to Reaction Scheme Ul 
where R, Ri. R4. R?. Riu X and n are as defined above and BOC is terr-butoxycaibonyl. 

In step (1) of Reaction Scheme ID the amino group of an aminoalcohol of Formula 
XXUI is protected with a ferZ-butoxycarbonyl group. A solution of the aminoalcohol in 
tetrahydroftiran is treated widi di-tert-butyl dicaibonate in the presence of a base such as 
sodium hydroxide. Many aminoalcohols of Formula XXIfl are commercially available; 
others can be prepared using known synthetic mcfliods. 
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In Step (2) of Reaction Schenu. ni a p„,iected amino alcohol of Fonnula XXIV is 
«toamethanesu.fona.cofFo™„UXXV.Aso.utionofacom^^^^ 
»CIV .„ a su.tab,e solvent such as dichIoromed,ane is treated with methanesulfonyl 

chlonde. the presence of a base such as triethylamine. IT. reaction can ^ 
a reduced temperature (0"). 

In step (3a) of Reaction Scheme ID a methanesulfonate of Fonnula XXV is 
converted to an azide of Fotmuh XXVI. Sodium azidc is added to a solution of a 
compound of Fonnula XXV in a suitable solvent such as N.N-dimethylfotmamide TT« 
reaction can be earned out atan elevated temperature (80- lOO'C). 

In step (3b) of Reaction Scheme HI a compound of Fonnula XXVI is alkylated 

with a halide of Formula Hal-R, to provide a compound of Fonnula XXVli In 

compounds where R, is hydrogen this step is omitted. TT.e compound of Formula XXVI 

.s reacted w,th sodium hydride in a suitable solvent such as N.N.limethy.fon„amide to 

fomiAeanionandthencombinedwiththehalide. The reacdon can be carried out ii, 
ambient temperatuie. 

In step (4) of Reaction Scheme DI an aride of FonnuU XXVI or XXVn is reduced 
to provide an amine of Fonnula XXVEI. Prefenibly. the reduction is carried out using a 
convendonal heterogeneous hydrogenation catalyst such as palladium on carbon Th. 
reacuon can conveniently be earned out on a Parr appamtus in a suitable solvent such as 

methanol or isopropanoL 

In step (5) of Reaction Scheme HI a 4^hloro-3-nitroquinoline of Fom,ula XXK is 
reacted with «, amine of Fonnula XXVm to provide a 3-ni.roquinoUne of Fonnula XXX 

TTie reaction can be carried out by adding an amine of Fonnula XXVlIItoasolutionofa 
compound of FonnuU XXIX in a suitable solvent such as dichloromethane in the presence 
of a base such as triethylamine. Many quinolines of Fonnula XXK «e known 
compounds or can be prepared using known synthetic methods, see for example. U S 
Patent 4.689.338 and references cited therein. 

In step (6) of Reaction Scheme Ul a 3-nitroquinoli„e of Fonnula XXX is reduced 
to provide a 3-«ninoquinoline of Fonnula XXXI. Preferably, the reduction is canied out 
usmg a conventional heterogeneous hydrogenation catalyst such as platinum on carbon. 
TT« reaction can conveniemly be carried out on a Pan apparatus in a suitable solvent such 
as toluene. 
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In step (7) of Reaction Scheme III a compound of Formula XXXI is reacted with a 
caAoxyiic acid or an equivalent thereof to provide a l/f-imidazo[4,5-c]quinolinc of 
Formula XVIII. Suitable equivalents to carboxylic acid include orthoesters, and 1,1- 
dialkoxyalkyl alkanoates. The carboxylic acid or equivalent is selected such that it will 

5 provide the desired R2 substituent in a compound of Formula XVUI. For example, triethyl 
orthoformate will provide a compound where R2 is hydrogen and triethyl orthovalerate 
will provide a compound where R2 is butyl. The reaction can be run in the absence of 
solvent or in an inert solvent such as toluene. The reaction is run with sufficient heating to 
drive off any alcohol or water formed as a byproduct of the reaction. Optionally a catalyst 

1 0 such as pyridine hydrochloride can be included. 

Alternatively, step (7) can be carried out by (i) reacting a compound of Formula 
XXXI with an acyl halide of Formula R2C(0)C1 or R2C(0)Br and then (ii) cyclizing. In 
part (i) the acyl halide is added to a solution of a compound of Formula XXXI in an inert 
solvent such as acetonitrile or dichloromcthane. The reaction can be carried out at 

1 5 ambient temperature or at a reduced temperature. In part (ii) the product of part (i) is 

heated in an alcoholic solvent in the presence of a base. Preferably the product of part (i) 
is refhixed in ethanol in the presence of an excess of triethylamine or heated with 
methanolic ammonia. 

Steps (8). (9), (10) and (1 1) arc carried out in the same manner as steps (4), (5), (6) 

20 and (7) of Reaction Scheme II. 

Reaction Scheme III 
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HO-X-O-R-NHj 
XXIll 



(1) 



HO-X-O-Rr-N' 
^ H 

XXIV 



-BOC 



(2) 



^ XXVI \^(4) 

N3 X O R, N^^ H,N-X-0-R,"N- 
XXVII ^jjj F 



XXV 



BOC 



60C 
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Compounds of the invention can be prepared according to Reaction Scheme IV 
where R, R|. R2, X and n arc as defined above 

In Reaction Scheme IV a 4.amino-l//-imida2o[4,5-c]quinolin- 1-yl alcohol of 
5 Formula XXXIl is alkylated with a halide of Formula XXXIIT to provide a 1/f- 

imidazo[4,5-c]quinolin«4-amine of Fomiula L The alcohol of Formula XXXU is reacted 
with sodium hydride in a suitable solvent such as N.N-dimethylformamide to form an 
alkoxide. The halide is then added to the reaction mixture. The reaction can be carried 
out at ambient temperature or with gentle heating (-50*»C) if desired. The product or a 
10 phaimaceutically acceptable salt thereof can be isolated using conventional methods. 

Many compounds of Formula XXXH are known, sec for example Gerster, U.S. 
Patent No. 4,689.338 and Gerster et. al., U.S. Patent No. 5,605,899, the disclosures of 
which arc incorporated by reference herein; others can readily be prepared using known 
synthetic routes, see for example, Andre et. al, U.S. Patent No. 5,578,727; Gerster. U.S. 
1 5 Patent No. 5,175,296; Nikolaidcs et al., U.S. Patent No. 5,395,937; and Gerster et. al.. U 
Patent No. 5,741,908, the disclosures of which arc incorporated by reference hercin. 
Many halides of Formula XXXIII are commercially available; others can be readily 
prepared using known synthetic methods. 



Reaction Scheme IV 




XXXll XXXIIt I 



Compounds of the invention can be prepared according to Reaction Scheme V 
where R, Rj, Ri. R7. Rii. X and n arc as defined above. 

In step (l) of Reaction Scheme V a lH-imida2o[4,5-c]quinolin-4.amiiic of 
Formula XXI is reduced to provide a 6,7,8,9.tetnihydro-l//-imidazo[4,5-clquinolin-4- 
amine of Formula XXXIV. Preferably the reduction is carried out by suspending or 
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Reaction Scheme V 




"5 K,, K2, X and n are as defined above 
Fonnul. vvyv, • . «m»i»lm+mi«. of Fomul, n. Th. aleofcl of 

«»4.i.,..*«„»™.f^„^,„^^_^^ 
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Reaction Scheme VI 




5 The invention also provides novel compounds useful as intemiediates in the 

synthesis of the compounds of Fomiulas (I) and (11). These intcmiediate compounds have 
the structural Formulas (III) - (V). described in more deteil below. 

One class of inteimediate compounds has Formula (IE): 

10 




wherein: X is -CHRs-, -CHRs-alkyl-, or -CHRs-alkenyl-; 
15 R] is selected from the group consisting of: 

.Rr-CRj-Z-R^— alkyi; 
-Rr<:Rj-Z-R6— alkenyl; 

-Rr-CRr-Z-R^-aryl; 
-R4-CRr-Z'-R6~-hcteroaryl; 
20 -R4-CRj-Z-R«— heterocyclyl; 

-R4-CRr-Z-H; 
-R4-NR7 -CRj-R«-alkyl; 
-Rr-NR7 -CRr-R«-alkcnyl; 
-R4-NR7-CR3-R6-aryl; 
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-R4-NRT-CR3-R^-heteroaryl; 

-R4-NR7-CR3-R6-hctcrocyclyl; and 

-R4-NR7-CR3-R«; 
each Z is independently -NR5- -0-, or -S-; 
Ri is selected from the group consisting of: 

-hydrogen; 

-alkyi; 

-alkenyl; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y- alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

•N(R5)2; 

-CO-N(R5)2; 

-CO-Ci.io alkyl; 

-CO-O-Ci.,0 alkyl; 

-N3; 

-aryl; 

•heteroaryl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-heteroaiyl; 
each Rj is =0 or =S; 

each R4 is independently alkyl or alkenyl. which may be interrupted by one 
or more -O- groups; 

each R$ is independently H or Ci.ioalkyI; 
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is a bond, or is alkyl. or alkenyl, which may be intcmipted by one or 

more-O- groups; 

Rt is H, Clio alkyl, or aiylalkyl; or R4 and R7 can join to form a ring; 
Rg is H or Cmo alkyl; or R7 and Rg can join to form a ring; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyU Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 

Another class of intermediates is described by formula (IV): 



15 




(IV) 



wherein: X is -CHR5-, -CHRj-alkyl-, or -CHRj-alkenyl-; 
Ri is selected from Ac group consisting of: 

-RrCR3-Q-R«-alkyl; 

-lU-CRHH^-alkenyl; 
20 -R4-CRr<hR«-aryl; 

-R4-CRr-ChR6— betcroaryl; 

-Ilr-CR3-Q-R6-bctcrocyclyl; 

.R4-CR3-ChH; 

.Rr-NR$ -CRj-R^— alkyl; 
25 -Rr-NR5-CR3-R6— alkenyl; 

.R4-NR7 -CRj-R*— aryl; 

.R4-NR7 -CRr-R<-heteroaiyl; 

-Rr-NR7 -CRr-R«-hetefOcyclyl; and 

20 
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-R4-NR5-CRj-Ra; 
each Q is independently -NR5-. or -0-; 
eachR3is=Oor=S; 

each R4 is independenUy alkyl or alkcnyl. which may be intemipted by one 
or more -O- groups; 

each R5 is independently H or Cmo alkyl; 

R« is a bond, alkyl, or alkenyl. which may be interrupted by one or more 
-O- groups; 

R7 is H, Cmo alkyU or arylalkyl; or R4 and R7 can join to form a ring; 
R« is H or Ci-io alkyl; or R4 and R7 can join to form a ring; 
D is 0 to 4; and 

each R present is independently selected from tfie group consisting of C,.,o 
alkyl, Cmo alkoxy. halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 

An additional class of intermediate compounds has the formula (V): 




(V) 

wherein: X is -CHRj-, -CHRs-alkyl-, or -<:HR5.alkcnyl-; 
R2 is selected from die group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
•aryl; 

-heteroaryl; 
-hetcrocyclyl; 
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-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-alkyl-Y-aryl; and 

. alkyi or alkenyl substituted by one or more substituents selected 
5 ftom the group consisting of: 

-OH; 
-halogen; 
-N(R5)2; 
-CO-N(R5)2; 

10 -CO-CMoalkyl; 

-CO-O-Cmo alkyl; 
-N3; 
-aiyl; 

-hcteroaryl; 

15 -heterocyclyl; 

-CO-aryl; and 
-CO-hctcroaiyl; 

each R4 is independently alkyl or alkenyl, which may be intcmipted by one 
or more -O- groups; 

20 R7 is H. Cmo alkyLor arylalkyl; or R4 and R7 can join to form a ring; 

each Y is independently -O- or -S(0)o.2S 
Iiis0to4;and 

each R present is independently selected from the group consisting of C,. 
alkyl, Cmo alkoxy, bydroxy, halogen and trifluoromcthyl; 
25 or a phaimaceutically acceptable salt thereof. 

As used herein, the terms "alkyP. "alkenyP and the prefix ^alk-- are inclusive of 
both straight chain and branched chain gioups and of cyclic groups, i .e. cycloalkyi and 
cydoalkcnyl. Unless othcnvise specified, these groups contain from I to 20 carbon atoms, 
30 with alkenyl groups conUining from 2 to 20 carbon atoms. Preferred groups have a total 
of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
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have from 3 to 10 ring caibon atoms. Exemplary cyclic w include cyclopropyl 
cyclopropylmethyl. cyclopentyl. cyclohexyl and adamantyl. 

In addition, the alkyI and alkeny! portions of-X-g«,ups can be unsubstituted or 
substituted by one or n,ore substituents. which substituents an> selected from the groups 
consisting of alkyl. alkenyl. aryl. heteroaryl. heterocyclyl. a^^lalkyl. hete^atylalkyl and 
heterocyclylalkyl. 

Tlic term -haloalkyi" is inclusive of groups that are substituted by one or more 
halogen atoms, including perfluorinated gn.ups. Tkis is also true of groups that include 
the prefix "halo-". Examples of suitable haloalkyi groups a,« chIon,methyl. 

trifluoromethyl, and the like. 

The term "ao.!" as used herein includes carbocyclic aromatic rings or ring systems 
Examples of aiyl groups include phenyl, naphthyl. biphenyl. fluorenyl and indenyl The 
tenn "heteroaryl" includes aromatic rings or ring systems that contain at least one ring 
hete,oatom{e.g..O.S.N). Suitable heteroaryl groups include furyl. thienyl. pyridyl 
qumolinyl. isoquinolihyl. indolyl. isoindolyl. triazolyl. pyrrolyl. tetrazolyl. imidazolyi 
pymolyl. oxazolyl. thiazolyl. benzoft^ny,. benzothiophenyl. carbazolyl. benzoxazol^l 
pynmidmyl. benzimidazolyl. quinoxalinyl. benzothiazolyl. naphthyridinyl. isoxazolyl. 
isothiazolyl. purinyl. quinazolhiyl, and so on. 

"Heterocyclyl" includes non-ammatic rings or ring systems that contain at least 
one nng hetero atom (e.g.. O. S. N) and includes all of the fully satumed and partially 
unsaturated derivatives of the above mentioned heteroaryl groups. Exemplaor 
heterocyclic groups include pyrrolidinyl. tetrahydrofanmyl. morpholinyl. thiomorpholinyl. 
Ptpendmyl. piperazinyl. thiazolidinyl. hnidazoKdinyl, isothiazolidinyl. and the like. 

The aryl. heteroaryl. and heterocyclyl groups c«, be unsubstituted or substituted by 
one or more substituents independently selected fiom the group consisting of alkyl. 
alkoxy. alkylthio. haloalkyi. haloalkoxy. haloalkylthio. halogen, nitre, hydroxy, mercapto. 
cy«K,. carboxy. formyl. aryl. ao^loxy. arylthio. aiylalkoxy. arylalkylthio, heteroaryl 
heteroaryloxy. heteroao^lthio. heteroarylalkoxy. heteroarylalkylthio. amino, alkylamino. 
dialkyUmino. heterocyclyl. heterocycloalkyl. alkylcarbonyl. alkenylcarbonyl 
alkoxj^nyl. haloalkylcarbonyl. haloalkoxycarbonyl. alkyltWocarbonyl. arylcarbonyl. 
heterouylcarbonyl. aryloxycarbonyl. heteroaryloxycwbonyl. «yIthiocarbonyl. 
heteroarylthiocarbonyl. dkanoyloxy. alka«,y|,hio. alkanoylamino. aroyloxy. aroylthio 
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aroylamino, alkylaminosulfonyl, alkylsulfonyl, arylsulfonyl, hcteroarylsulfonyl, 
aryldiazinyl, alkylsulfonylamino, aiylsulfonylamino, aiylalkylsulfonylamino, 
a!kylcarbonylainino, alkenylcarbonylamino, arylcaibonylamino, aiylalkylcarbonylamino, 
heteroaiylcarbonylamino, hcteroaiylalkycaibonylamino, alkylsulfonylamino, 
5 alkenylsulfonylamino. aTylsulfonylamino, arylalkylsulfonylamino, 

hcteroarylsulfonylamino, heteroarylalkylsulfonylamino, alkylaminocarbonylamino, 
alkenylaminocarbonylamino, arylaminocaibonylamino, arylalkylaminocarbonylamino, 
heteroarylaminocarbonylamino, heteroarylalkylaminocarbonylamino and, in the case of 
heterocyclyl, oxo. If any other groups arc identified as being **substinjted" or **optional!y 
10 substituted", then those groups can also be substituted by one or more of the above 
enumerated substituents. 

Certain substituents arc generally prefened. For example, preferred R| groups 
include — R4— CR3— Z— R«— alkyi and — R4-^Rj— Z— aiyl, wherein the alkyl and 
aryl groups can be unsubstituted or substituted; R3 is preferably =0; R4 is preferably 
1 5 ethylene or n-butylene; and Z is preferably — NR5— . Preferably no R substituents arc 

present (i.e., n is 0). Preferred R2 groups include alkyl groups having 1 to 4 carbon atoms 
(i.e., methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, and cyclopropylmethyl), 
methoxyethyl, and cthoxymcthyl. For substituted groups such as substituted alkyl or 
substituted aryl groups, preferred substituents inchide halogen, nitrile, methoxy, 
20 trifluoromethyl, and trifluoromethoxy. One or more of diese preferred substituents, if 
present, can be present in the compounds of the invention in any combination. 

The invention is inclusive of the compounds described herein in any of their 
pharmaceutically acceptable forms, including isomers (e.g., diastereomers and 
cnantiomcrs), salts, solvates, polymorphs, and the like. In particular, if a compound is 
25 optically active, the invention specifically includes each of the compound*s cnantiomcrs as 
well as racemic mixtures of Uie cnantiomcrs. 



Pharmaceutical ComiX)sitions and Biological Activity 

Pharmaceutical compositions of the invention contain a therapeutically effective 
30 amount of a compound of the invention as described above in combination with a 
pharmaceutically acceptable carrier. 
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The term "a therapeutically effective amount" means an amount of the compound 
sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
and/or antiviral activity. Although the exact amount of active compound used in a 
phannaceutical composition of the invention will vary according to factors known to tiiosc 
5 of skill in the art, such as the physical and chemical nature of the compound, the nature of 
the earner, and the intended dosing regimen, it is anticipated that the compositions of the 
invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg/kg, preferably about 10 ^g/kg to about 5 mg/kg, of the compound to the 
subject Any of the conventional dosage forms may be used, such as tablets, lozenges. 

1 0 parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 
patches, transmucosal patches and the like. 

The compounds of the invention can be administered as the single therapeutic 
agent in the treatment regimen, or the compounds of the invention may be administered in 
combination with one another or with other active agents, including additional immune 

1 5 response modifiers, anti virals, antibiotics, etc. 

The compounds of the invention have been shown to induce the production of 
certain cytokines in experiments perfonned according to the tests set foith below. These 
results indicate that the compounds are useful as immune response modifiers that can 
modulate the immune response in a number of different ways, rendering them uscfiil in the 

20 treatment of a variety of disorders. 

Cytokines whose production may be induced by the administration of compounds 
according to the invention generally include interfcron-a (IFN-a) and/or tumor necrosis 
factors (TNF-a) as well as certain intcrleukins (IL). Cytokines whose biosynthesis may 
be induced by compounds of the invention include IFN-a. TNF^, BL-l , IL-6, IL-IO and 

25 IL-12, and a variety of other cytokines. Among other effects, these and other cytokines 
can inhibit virus production and tumor cell growth, making the compounds useful in the 
treatment of viral diseases and tumors. Accordingly, the invention provides a meduKi of 
inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal. 

30 Certain compounds of the invention have been found to preferentially induce the 

expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 
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blood mononuclear cells) containing pDC2 celis (precursor dendritic cell-type 2) without 
concomitant production of significant levels of inflammatory cytokines. 

In addition to the ability to induce the production of cytokines, the compounds of 
the invention affect other aspects of the innate immune response. For example, naUiral 
killer cell activity may be stimulated, an effect that may be due to cytokine induction. The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 
oxide and the production of additional cytokines. Further, the compounds may cause 
proliferation and differentiation of B-lymphocytes. 

Compounds of the invention also have an effect on the acquired immune response. 
For example, although there is not believed to be any direct effect on T cells or direct 
induction of T cell cytokines, the production of the T helper type 1 (Hil) cytokine IFN-y 
is induced indirectly and the production of the T helper type 2 (Th2) cytokines IL^, IL-5 
and IL-13 are inhibited upon administration of tfie compounds. This activity means that 
the compounds are useful in the treatment of diseases where upregulation of the Th I 
15 response and/or downregulation of the Th2 response is desired. In view of the ability of 
compounds of the invention to inhibit the Th2 inmiune response, the compounds are 
expected to be useful in the treatment of atopic diseases, e.g., atopic dermatitis, asthma, 
allergy, allergic rhinitis; systemic lupus crythcmatosis; as a vaccine adjuvant for cell 
mediated immunity; and possibly as a treatment for recurrent fungal diseases and 
20 chlamydia. 

The immune response modifying effects of the compounds make them useful in 
the treatment of a wide variety of conditions. Because of their ability to induce the 
production of cytokines such as IFN-<i and/or TNF-o, the compounds are particularly 
useful in the treatment of viral diseases and tumors. This immunomodulating activity 

25 suggests that compounds of the invention are useful in treating diseases such as. but not 
limited to. viral diseases mcluding genital warts; common warts; plantar warts; Hepatitis 
B; Hepatitis C; Herpes Simplex Virus Type I and Type H; moUuscum contagiosum; 
vaniola major, HIV; CMV; VZV; rhinovirus; adenovinis; influenza; and para-influenza; 
intraepithelial neoplasias such as cervical intraepithelial neoplasia; human papillomavirus 

30 (HPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergillus, and 
cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, hairy cell 
leukemia. Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous 
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kukemia. multiple myeloma, melanoma. noi^Hodgkin's lymphoma, cutaneous T-cell 
lymphoma, and other cancers; parasitic diseases, eg. Pneumocystis camii. 
cna>«osporidiosis. histoplasmosis, toxoplasmosis, tiypanosome infection, and 
le^hmaniasis: and bacterial infections, e.g.. tuberculosis, and mycohacterium avium 
Addmonal diseases or conditions that can be treated using the compounds of the invendon 
include actimc kemtosis; ec2ema; eosinophilia; essential th,ombocythaen,ia- leprosy- 
muhtple sclerosis; Ommen's syndrome; discoid lupus; Bowen's disease; Bowenoid ' 
papulosis; alopecia areata; the inhibition of Keloid formation after surgery and other types 
of post-surgical scan. In addition, these compounds could enhance or stimulate the 
heahngof wounds, including chronic wounds. TTic compounds may be useful for heating 
the opportunistic infections and tumors that occur after suppression of cell mediated 
nnmumty in. for example, transplant patients, cancer patiente and HIV patients. 

An amount ofacompound effective to induce cytokine biosynthesis is an amount 
sufficient to cause one or mote cell types, such as monocytes, macrophages, dendritic cells 
and B<elU to produce «. amount of one or more cytokines such as. for example IFN-<x 

TOF-a.IL-I.IL-6.IL-10andIL-12that is increased over the background level of such' 
cytokmes. TTk precise amount will vaty according to hcton known in the art but is 
expected to be a dose of abom 100 ng/kg to about 50 mg/kg. prefembly about 1 0 ,g/kg to 
about 5 mg/kg. TT.e invention also pn>vides a method of tn«ting a viml infection in an 
an.mal and a method of treating a neoplastic disease in an animal comprising 
administering an effective amount of a compound or composition of the invention to the 
ammal. An amount effective to treat or inhibit a viral infection is an amount that will 
cause a reduction in one or more of the manifestations of viml infection, such as viral 
lesions, viral load, rate of virus production, and mortality as compared to untreated contn>I 
ammds. The pmcise amount will vary according to &ctors known in the art but U 
expected to be a dose of about 100 ng/kg to about 50 mgflcg. prefembly about 10 jtg/kg to 
about 5 mg/kg. An amoum of a compoumi effective to treat a neoplastic comlition is an 
amount that will cause a reducdon in mmor size or in the number of tumor foci. Again, 
the precise amount will vary according to factors known in the art but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg. preferably about 10 ^g/kg to about 5 mg/kg. 

The invendon is further described by the following examples, which are provided 
for illustration only and are not intended to be limiting in any way. 
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In the examples below some of the compounds were purified using semi- 
preparative HPLC. Two different methods were used and they are described below. 
Method A 

5 This method used a A- 1 00 GiIson-6 equipped with 900 Series Intelligent Interface. 

The semi-prep HPLC fractions were analyzed by LC-APCI/MS and the appropriate 
fractions were combined and lyophilized to provide the trifluoroacetatc salt of the desired 
compound. 

Column: column Microsorb CI 8, 21 .4 x 250 mm, 8 micron particle size. 60 A 
10 pore; flow rate: 10 mlVmin.; gradient elution from 2-95% B in 25 min., hold at 95% B for 
5 min., where A=0.1 % trifluoroacetic acid/water and 0=0.1% trifluoroacctic 
acid/acelonitrile; peak detection at 254 nm for triggering fraction collection. 
Method B 

This method used a Waters Fraction Lynx automated purification system. The 
15 semi-prep HPLC fractions were analyzed using a Micromass LC-TOFMS and the 
appropriate fractions were combined and centrifuge evaporated to provide the 
trifluoroacetatc salt of the desired compound. The structure was confirmed by 'H NMR 
spectroscopy. 

Column: Phenomcncx Luna CI 8(2), 10 x 50 mm. 5 micron particle size. lOOA 
20 pore; flow rate: 25 mUmin.; gradient elution from 5-65% B in 4 min.. then 65 to 95 % B 
in 0.1 min. then hold at 95% B for 0.4 min.. where A=0.05 % trifluoroacetic acid/water 
and B=0.05% trifluoroacetic acid/acctonitrile; fraction collection by mass-selective 
triggering. 
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Example 1 

l-[2K2-aniinoethoxy)ethyl]-2-butyIM/^-iraidazof4^<]quinoHn^.ainine 



10 




PartA 

A solution of 2-{2-aniinoethoxy)ethanol (29.0 g. 0.276 mol) in 180 mL of 
tetrahydrofiiran (THF), under Nj, was cooled to 0°C and treated with 140 mL of 2N NaOH 
solution. A solution of di-/ert-butyl dicaibonate (60.2 g. 0.276 mol) in 1 80 mL of THF 
was then added dropwise over 1 h to the rapidly stined solution. The reaction mixture was 
then allowed to warm to room temperature and was stilted an additional 18 h. The THF 
was then removed under reduced pressure and the remaininff aqueous shiny was brought 
to pH 3 by addition of 1 50 mL of 1 M H2SO4 sohition. TTiis was then extracted with ethyl 
acetate (300 mL. 100 mL) and the combined organic layers were washed with HjO (2X) 
and brine. The organic portion was dried over NajSO^ and concentrated to give tert-butyl 
2-(2-hydroxyethoxy)ethylcarbaniate as a colorless oil (47.1 g). 
15 Parte 

A rapidly stirred solution of tert-butyl 2-(2-hydioxyedjoxy)ethylcarbamate (47.1 g, 
0.230 mol) in 1 L of anhydrous CH2CI2 was cooled to 0»C under Nj and treated with 
tricthylamine (48.0 mL. 0 J45 mol). Mcthanesulfonyl chloride (19.6 mL, 0.253 mol) was 
then added dropwise over 30 min. The reaction mixture was then aUowed to warm to 

20 room temperature and was stirred an additional 22 h. TTie reaction was quenched by 

addition of 500 mL saturated NaHCOj solution and the organic layer was separated. The 
organic phase was then washed with H2O (3 X 500 mL) and brine. TTie organic portion 
was dried over NaiSO* and concentrated to give 2-{2-((/ert- 
btttoxycaibonyl)amino]eflioxy}ethyl medianesulfonate as a brown oil (63.5 g). 

25 Parte 

A stirred solution of 2.{2-((/er/-butoxycaibonyl)amino]ethoxy)ethyl 
methanesulfonate (63.5 g. 0.224 mol) in 400 mL of N.N-dimethylformamidc (DMF) was 
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treated with NaNj (16.1 g» 0.247 mol) and the reaction mixture was heated to 90**C under 
N2. After 5 h, the solution was cooled to room temperature and treated with 500 mL of 
cold H2O. The reaction mixture was then extracted with Et20 (3 X 300 nj^L). The 
combined organic extracts were washed with H2O (4 X 100 mL) and brine (2 X 100 mL). 
5 The organic portion was dried over MgS04 and concentrated to give 52.0 g of tert-huty\ 2- 
(2-a2idoethoxy)cthylcarbamatc as a light brown oil. 
PartD 

A solution of /ert-butyl 2-{2-azidoethoxy)ethylcarbamate (47.0 g, 0.204 mol) in 
MeOH was treated with 4 g of 10% Pd on carbon and shaken under H2 (3 Kg/cm^) for 24 
10 h. The solution was then filtered through a Celite pad and concentrated to give 35.3 g of 
crude te/t-butyl 2-(2-aminocthoxy)ethylcarbaniate as a colorless liquid that was used 
without further purification. 
PartE 

A stirred solution of 4-chloro-3-nitroquinoline (31.4 g, 0.151 mol) in 500 mL of 
1 5 anhydrous CH2d2, under N2, was treated with tricthylamine (43 mL, 0.308 mol) and tert- 
butyl 2-(2-aminocthoxy)ethylcarbamatc (0.151 mol). Afler stirring overnight, the reaction 
mixture was washed with H2O (2 X 300 mL) and brine (300 mL). The organic portion 
was dried over Na2S04 and concentrated to give a bright yellow soUd. Recrystallization 
from ethyl acetate/hcxanes gave 43.6 g of tert-butyl 2-{2-[(3-nitroquinoUn-4. 
20 yl)amtno)ethoxy}cthylcarbamatc as bright yellow crystals. 
PartF 

A solution of /£rt-butyl 2-{2.[(3-nitroquinolin-4-yl)amino]cthoxy}€thylcarbamate 
(7.52 g. 20.0 mmol) in toluene was treated with 1 .5 g of 5% Pt on carbon and shaken 
under H2 (3 Kg/cm^) for 24 b. The solution was then filtered through a Celite pad and 
25 concentrated to give 6.92 g of crude lert-butyl 2-(2-[(3-aminoquinolin-4- 
yl)aminolethoxy}ethylcarbamate as a yellow syrup. 
PartG 

A solution of /€ft-butyl 2-{2-[(3-aminoquinolin-4- 
yl)amino]cthoxy)ethylcarbamatc (3.46 g, 10.0 mmol) in 50 mL of toluene was treated 
30 with triethylorthovalerate (2.5 mL, 14.5 mmol) and the reaction mixture was heated to 
reflux. A 25 mg portion of pyridinium hydrochloride was then added and refluxing was 
continued for 4 h. The reaction was then concentrated to dryness under reduced pressure. 
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The residue was dissolved in 50 mL of CHjCh and washed with saturated NaHCOs, H2O 
and brine. The organic portion was dried over Na2S04 and concetrated to give a green oil. 
The green oil was dissolved in 50 mL of hot MeOH and treated with activated charcoal. 
The hot solution was filtered and concentrated to give 4.12 g of rer/-butyl 2-[2-(2-butyI- 
5 I //-imida2o[4,5-c]quinolin- 1 -yI)cthoxy]ethylcarbamate as a yellow oil. 
PartH 

A solution of tert-butyl 2-[2-(2-butyMH-imidazot4,5-c]quinolin-l. 
yl)eAoxy]cthylcarbamate (4,12 g, 10.0 mmol) in 50 mL of CH2CI2 was treated with 3- 
chloropcroxybenzoic acid (MCPBA. 77%. 2.5 g. 1 12 mmol). After stirring for 5 h, the 
10 reaction mixture was treated with saturated NaHCOj solution and the layers were 

separated. The organic portion was washed with H2O and brine then dried over Na2S04 
and concentrated to give 3.68 g of /m-butyl 2-[2-(2-butyl-5-oxido-l/f-imida2o[4.5. 
c]quinolin-l-yl)ethoxy]ethylcarbamate as a light brown foam. 
Parti 

15 A solution of /e/t-butyl 2-[2-(2-butyl-5-oxido-l//.imida2o[4.5-c]quinoHn-l- 

yl)cthoxy]ethylcaibamate (3.68 g. 8.60 mmol) in 100 mL of U-dichloroethane was 
heated to 80 X and treated with 10 mL of concentrated NH4OH solurton. To the rapidly 
stirred solution was added solid p-toluenesulfonyl chloride (1.87 g, 9.81 mmol) over a 10 
min. period. The reaction mixture was then sealed in a pressure vessel and heating was 

20 continued for 2 h. The reaction mixture was then cooled and treated with 100 mL of 

CH2CI2- The reaction mixture was then washed with H2O, 1% Na2C03 solution (3X) and 
brine. The organic portion was dried over Na2S04 and concentrated to give 3.68 g often- 

butyl 2-(2K4-amino-2-butyl.l^.imida2o[4,5-c]quinoIin-l-yl)cthoxy)ethylcart>amate as a 
light brown foaoL 
25 PartJ 

T6r/-butyl2-[2-(4-amino-2-hutyl.l//-imida2»[4>clquirk>lin-l- 
yl)cAoxy)ethylcaibamate (3.68 g, 8.60 nunol) was suspended in 20 mL of 2M HCl in 
EtOH and the mixture was heated to reflux with stirring. After 3 h, die reaction mixture 
was concentrated to give a solid. The solid was triturated with hot EtOH (50 mL) and 
30 filtered to give 2.90 g of die product as the hydrochloride salt. The free base was made by 
dissolving the hydrochloride salt in 50 mL of H2O and treating with 5 mL of concentrated 
NH4OH. The aqueous suspension was extracted with CH2CI2 (3 X 50 mL), The 
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combined organic layers were dried over Na2S04 and concentrated to give l-[2-(2- 
aminocthoxy)ethyl]-2-butyl-l//-iinidazo(4,5-clquinolin-4-ainine as a tan powder. 

MS328(M + H)^ 

»H NMR (300 MHz. CDCI3) 5 7.95 (d, J = 8.3 Hz, 1 H); 7.83 (d, J = 8.4 Hz. I H); 7.50 
5 (m, 1 H); 7.30 (m. 1 H); 5.41 (s. 2 H); 4.69 (t, J = 5.6 Hz, 2 H); 3.93 (t, 7 = 5.6 Hz, 2 H); 
3.39 (t. J = 5. 1 Hz, 2 H); 2.97 (t, J = 7.9 Hz, 2 H); 2.76 (t, 7 = 5.1 Hz, 2 H); 1 .89 (m, 2 H); 
1.52 (m. 2 H); 1.26 (br s. 2 H); l.Ol (t, J » 7.3 Hz, 3 H). 

Example 2 

10 i-[2-(2-aminocthoxy)eil^ll-lH-imida2o[4,5-c]quinolin-4-amine 

NH, 




Part A 

A solution of ferr-butyl 2-{2-[(3-aminoquinolin-4- 

15 yl)amino]ethoxy}ethylcarbamate (6.92 g, 20.0 mmol) in 100 mL of toluene was treated 
with triethylorthoformate (4,65 mL, 28.0 mmol) and the reaction mixture was heated to 
reflux. A 100 mg portion of pyridinium hydrochloride was then added and refluxing was 
continued for 2 h. The reaction was then concentrated to dryness under reduced pressure. 
The residue was dissolved in 200 mL of CH2CI2 and washed with saturated NaHCOj. H2O 

20 and brine. The organic portion was dried over Na2S04 and concentrated to give a green 
oil. The green oil was dissolved in 200 mL of hot MeOH and treated with 10 g of 
activated charcoal. The hot solution was filtered and concentrated to give 5.25 g of tert- 
butyl 2.I2-(l//-imidazo[4,5-c]quinolin-l-yl)ethoxy]ethylcarbamate as a light yellow 

syrup. 
25 Part B 

A solution of tert-butyl 2-(2-(l//-imidazo[4,5-c]quinolin-l- 
yl)ethoxy]ethylcarbamate (5.25 g, 14.7 mmol) in 200 mL of CH2a2 was treated with 
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MCPBA 01%, 3.63 g. 1 6.3 mnK,I). After stimng ovcmigh, ftc reaction mixture was 
treated wth saturated NaHCOj solution and the layers were sepamted. The otganic 
portion was washed with H,0 and brine then dried over li.^SO. and concentrated to give 

4.60 g of /err-butyl 2-I2K5K>xido-l//-i™idazot4,5-c]quinolin-l.yI)ethoxyIe,hyIcarb^^^ 
as a light brown foam. 
Parte . 

A solution of terr-bulyl 2-{2-(5K)xido. lfrimida2o[4^-cJquinolin-l- 
yI)ethoxy]ethyIca,bamate (4.60 g. 12.4 nunol) in 150 mL of 1.2-dichloroethamr was 
heated to 80 -C and treated with 10 mL of concentrated NH4OH solution. Tothe rapidly 
stined solution was added solid p-toluenesulfonyl chloride (2.71 g. 14.2 mmol) over a 10 
min period. TTie reaction mixture was treated with an additional 2 mL of concentrated 
NH,OH solution and then sealed in a pressure vessel and heating was continued for 3 h. 
The reaction mixhire was then cooled and treated with 100 mL of CHjCIj. The reaction 
mixture was then washed with H.0. 1 % Na,CO, solution (3X) and brine. ITk, organic 
portion was dried over H^^O, and concentrated to give 4.56 g of tert-butyl 2-{2-{4- 

amino-W-imidazo[4.5-c]quinolin-l-yI)ethoxy)ethylcarbamate asa light brown foam. 
PartD 

rerr-butyl2-[2-(4-amino-W-imida2o[4.5-cJquindin-l-yl)ethoxy]ethylc.rbamate 
(4.56 g, 12.3 mmol) was dissolved in 100 mL of EtOH and treated with 30 mL of 2M HQ 
in EtOH and the mixmre was heated to reflux with stirring. After 3 h. the reaction mixtore 
was concentrated to give a solid. The solid was triturated with hot EtOH (100 mL) and 
filtered to give the pnnhict as the hydrochloride salt TTie free base was made by 
dissolving the hydrochloride salt in 50 mL of H^O and treating with 5 mL of concentrated 
NH4OH. The aqueous suspension was extracted with CHjai (5 X 50 mL). TTie 
combined organic layers were dried over Na,SO« and concentrated to give 1 J5 g of l-[2- 

(2-aminoethoxy)ethyl].li/.imida2o[4.5-c]quinoHn-4^minc as a tan powder. 
MS272(M + H)*; 

'H NMR (300 MHz. CDCI3) 5 7.98 (d, y = 8.2 Hz. 1 H); 7.88 (s. 1 H); 7.84 (d. J = 8.4 Hz. 
1 H); 7.54 (m, 1 H); 7.32 (m. 1 H); 5.43 (s. 2 H); 4.74 (t. 7 = 5.2 Hz. 2 H); 3.97 (t. J = 5 2 
Hz. 2 H): 3.42 (t,y = 5.1 Hz. 2 H); 2.78 (t.y = 5.1 Hz. 2 H): I.IO (br s. 2 H). 
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Example 3 

l-l2K2-aminocthoxy)ethyI]-2K2-methoxyethyl)-l//-imidazo[4^-c]quinolin^^^^ 




Part A 

5 . A solution of /crt-bu^l2-{2-[(3-aniinoquinolm-4- 

yDaminolethoxy) ethylcaibamatc (10^ g. 29.5 mmol) in 250 mL of anhydrous CttiOi 
was cooled to O'C and treated with triethylamine (4.18 mL. 30.0 nunol). 
Melhoxypropionyl chloride (3.30 mL. 30.3 mmol) was then added dropwise over 5 min. 
TTic reaction was then warmed to room temperature and stirring was continued for 1 h. 

10 TKe reaction mixture was then concentrated under reduced pressure to give an orange 
solid. This was dissolved in 250 mL of EtOH and 12.5 mL of triethylamine was added. 
Tbc mixture was heated to reflux and stirred under overnight The reaction was Acn 
concentrated to dryness under reduced pressure and treated with 300 mL of EtiO. Hie 
mixture was then filtered and the filtrate was concentrated under reduced pressure to give 

15 a brown solid. TT* soUd was dissolved in 200 mL of hot MeOH and treated with activated 
chaicoaL The hot solution was filtered and concentrated to give 1 1.1 g of rert-butyl 2-{2- 
(2K2-methoxyethyl)-lH-imidazoL4.5^]«luinolin-l-yllethoxy}ethylcarbamate as a yellow 

syrup. 
PartB 

20 A solution of tert-butyl 2-{2-[2-(2-methoxyethyD-l/f-imidazo[4.5-c]quinolin-l- 

yl]ethoxy}ethylca,bamate(10.22g.24.7mmol)in250mLofCHChwastreatedwith 

MCPBA (77%. 9.12 g. 40.8 mmol). After stirring 30 min. the reaction mixttire was 
washed with l%Na2C0, solution (2 X75 mL)and brine. The organic layer was then 
dried over Na^SO* and concentrated to give 10.6 g of /er/-butyl 2-{2-[2-(2-methoxyetf,yl)- 
25- 5K)xido-lW-.midazo(4.5-c]quinolin-l-yl]ethoxy}ethylcarbamate as an orange foam that 
was used without further purificatiorL 
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Parte 

A solution of /err-butyl 2-{2-[2-(2snethoxycthyl>5H,xido-i;/-i™dazo[4 5- 
o]qu.„oli„-|-y,]ethoxy}ethyIcarbamatc(10.6g.24.6nunoDm lOOmLof 1 2- ' 
d.chloroe.hane was heated to 60-0 and „eated wift 10 mLof co«:e„t«,ed NH«OH 
solutaon. To the rapidly sdrred solution was added solid p-toluencsulfonyl chloride (7 05 
g. 37.0 m^ol) over a 10 „,in period. Tl,e reaction mixture was treated with an additional 1 
mL concentrated NH.OH solution and then sealed in a pressure vessel and heating was 
contmued for 2 h. The reaction mixture was then cooled and treated with 1 00 mL of 
CHCl,. The reaction mixture was then washed with HA 1% Na,CO, solution (2X) and 
brme. The organic portion wa, dried over Na^SO^ and concentrated to give 1 0.6 g of re«- 

butyl2-{2.[4-amino-2^2-methoxyethyl)-W-imidazo[44Hr]quinoliiHl- 

yl]edioxy}efliylcarbamate as a biown foam. 

PartD 

Tm-butyl2-{2-(4-aminb-2-{2-methoxyethyl)-l/f-imidazo(4.5-c]quinolin-l- 
y»]ethoxy}elhyIcarbamate (10.6 g. 24.6 mmol) was t«ated with 75 mL of 2M HCl in 
EtOH and the mixture was heated to reflux with stirring. After 1.5 h. the reaction mixture 
was cooled and filtered to give a gummy solid. TT» solid was washed EtOH and Et,0 ami 
dned under vacuum to give the hydrochloride salt as a light brown solid. TT« fiee base 
was made by dissolving the hydrochloride salt m 50 mL of H,0 and treating Mth 10% 
NaOH solution. TT,e aqueous suspension was then concentrated to dryness and the residue 
was treated with CHQ,. Ti. resulting salts were removed by filtration and the filtrate was 
concentrated to give 3.82 g of l-(2-{2-aminoethoxy)ethyI]-2-(2-methoxyethyl)-l//. 
imida2o[4.5-cIquinolin-4-amme as a tan powder. 
MS330(M + H)*; 

•HNMR(300MHz.DMSO^,)88.10(d.y=8.1 Hz. 1 H):7.66(d.y = 8.2Hz.l H)- 

7.40(m.lH):7.25(m.lH);6.88(brs.2H);4.78(t.y=5.4Hz.2H);3.89(t.y = 4iHz 

2H):3.84(t.y = 6.9Hz.2H);3.54(,y»5.4Hz.2H);3.31(s.3H):3.23 (,.7-6.6 Hz.' 
2H);2.88(t.y = 5.3Hz.2H). 
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Example 4 

iy-(2-{2-[4-amino-2-{2-methoxyethyl)-l//-imidazo[4,5-clquiTO 
yl]ethoxy}ethyl)benzainide 
NH, 

N 

s 

o 

5 

l-[2K2-Aminoethoxy)ethyl]-2-(2-methoxyethyl)-l//-imida2o[4,5-c]q^ 
amine (750 mg, 2.28 mmol) was dissolved in 35 mL of anhydrous CH2a2 and cooled to 0 
X under Ni. To the stirred solution were added EtjN (0.35 mL, 2.50 mmol) and benzoyl 
chloride (260 ^l^ 2.28 mmol) and the reaction was allowed to warm to room len^ratufc 

10 over 2.5 h. The reaction mixture was then quenched by addition of saturated NaHCOa 

solution (30 mL) and CHjCh (30 mL). The organic layer was separated arid washed with 
HzO and brine, dried over Na2S04 and concentrated under reduced pressure to give a tan 
foam. Mass spectral analysis showed the presence of some bis-amidc in addition to the 
desired product. The tan foam was treated with IN aqueous HCl solution (50 mL) at 100 

1 5 for 5 h. HPLC analysis showed that all of the bis-amide had been converted to the 

desired product. The reaction was cooled to room temperature and treated with 10% 
NaOH until the pH~l 1 . The mixture was extracted with CHCI3 (3 X 30 mL). The 
combined organic extracts were washed with HjO and brine, dried over Na2S04 and 
concentrated under reduced pressure to give a yellow solid. Purification by column 

20 chromatography (SiOi. 5-10% McOH/CHCb) gave 100 mg of NK2-{2-[4.amino-2-{2- 
methoxyethyl).l/^imidazo[4.5-clquinolin.l-yl]eflK)xy}eth^^^ as a white 

powder. m.p. 184-187 'C; 
MS434(M + H)*; 

'H NMR (300 MHz, DUSO-d,) 5 8.40 (m, 1 H); 8.06 (d. 7 = 8,3 Hz, 1 H); 7.76-7.74 (m, 
25 2 H); 7.60 (d, J = 7.8 Hz. 1 H); 7.54-7.37 (m. 4 H); 7. 1 9 (t, J = 7.3 Hz, 1 H); 6.48 (s, 2 H); 
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4.79-4.72 (™. 2 H); 3.91-3.84 (m. 2 H); 3.78 (..7= 6.9 Hz. 2 H); 3.48 (t.y = 5.5 Hz. 2 H)- 
3.25 (s, 3 H); 3.20 (t. 7 = 6.3 Hz, 2 H); 

"C (75 MHz. DMS0-rf.)5 166.7. 152.0. 151.9. 145.2. 134.8, 132.7. 131.4. 128.6. 1274 
126.7. 121.4. 120.5. 1 15.1, 70.4. 69.4. 69.2. 58.4. 45.5. 27.6. 



Example 5 

I-(2-{2-an,.Wthoxy)e%I].2K2-methoxye%I)-6.7.8.9-tetrahydro-l//-imidazo[4.5^ 

c]quinolin-4-amine 
NH, 



\ 

NH, 



l-[2K2-Ami„(«thoxy)e%l].2K2-^«thoxye%l>l/^hmda2o[4.5-c]quinoli^ 
amine (10.0 g. 27.3 n«nol) was dissolved in 50 mL of trin«on,.c«ic add and treated wid. 
P«O,(1.0g). The reaction mixture was shaken under Hi (3 Kg/cm^). After 4 d an 
additional 0.5 g of PtO, was added and hydrogenation was continued for an add'itional 3 d 
The reaction was then filtered through Celite and concentrated under reduced pressure to 
give a brown oil. The yellow oil was dissolved in 200 mL of H^O then made basic 

(pH--ll)byadditionofl0%NaOHsoludon. This was then extracted with CHa,(5X75 
mL) and the combined organic layers were dried over Na:S04 and concentmted to give 

5.17 g of l-[2-(2.aminocthoxy)ethyl]-2-(2-methoxyethyl>6.7.8.9-tetnihydt»-l//- 
imidazo[4,5-<:]quinolin-4-amine as a tan solid. 
MS334(M + H)*; 



HNMR(300MHz.CDa,)5 5.19(s.2H):4.49(t.y=5.4Hz.2H);3.84(t.y = 6.6Hz. 
2 H); 3.71 (t. y - 5.4 Hz. 2 H). 3.36 (W = 5.2 Hz. 2 H); 3.5 1 (s. 3 H); 3. 1 5 (t. 7 = 6.6 Hz. 

2H); 2.95(m.2H); 2.82 (m.2H): 2.76(t.y.5.1 HZ.2H); 1.84(m.4H). 1.47 (brs.2 
H). 
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Example 6 

N-{2' {2-[4-amino-2-(2-mcthoxyethyl)-6,7,8,9-tetrahydTO- 1 //-imidazo[4,5-c]quinolin- 1 - 

yl]ethoxy } ethy l)benzainide 




O 

5 

l42K2-Aininoethoxy)cthyl]-2K2-metfioxyethyl)-6J,8,9-tctrahydn>^ 
imidazo[4,5-clquinolin-4-aniine (1.00 g, 3.00 mmol) was dissolved in 30 mL of anhydrous 
CH2CI2 and cooled to 0 under Nj. To the stirred solution were added EtsN (0.84 mL, 
6.00 mmol) and benzoyl chloride (348 ^L, 3.00 mmol) and the reaction was allowed to 

10 wann to room temperature overnight. The reaction mixture was then quenched by 

addition of saturated NaHCOj solution (30 mL). The organic layer was separated and 
washed with H2O and brine, dried over Na2S04 and concentrated under reduced pressure 
to give a yellow oil. The oil was dissolved in a minimum amount of hot McOH and then 
treated with EI2O (50 mL) which caused a white pcrcipitatc to forai. The solid was 

15 isolated by filtration and dried under vacuum to give 476 mg of N-{2-(2-[4-amino-2-(2- 
methoxyethyl>-6,7 ,8 .9-tctrahydro- 1 // -imidazo[4 .5-c] quinolin- 1 - 
yl]ethoxy}ethyl)benzamide as a white powder. m.p. 141-143X; 
MS 438 (M + H)*; 

*H NMR (300 MHz, DMSO-^^) 5 8.36 (t, J = 5.4 Hz, 1 H); 7.78-7.76 (m, 2 H); 7.54-7.42 
20 (m. 3 H); 5,68 (s. 2 H); 4.43 (t, / = 5.4 Hz, 2 H); 3.750.69 (m. 4 H); 3.48 (t, J = 6.0 Hz, 2 
H); 3.37 (t, J « 5.5 Hz, 2 H); 3.24 (s. 3 H); 3.07 (t, 7 « 6.9 Hz. 2 H); 2.91 (m, 2 H); 2.63 
(m,2H);1.70(m,4H); 

»^C{75 MHz. DMSO-</tf) 6 166.7. 151,3. 149.3, 146.2. 138.5, 134.8. 131.4. 128.6, 127.5. 
124.9, 105.6, 70.5, 70.5. 69.3, 58.4, 44.6, 32.7, 27.6, 23.8. 23.0. 23.0. 
25 Anal. Calcd for C24H„N503: %C. 65.88; %H. 7.14; %N, 16.01. Found: %C. 65.55; %H. 
7.15; %N, 15.87. 
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Example 7 

2-(2-inethoxyethyl)-l-{2-[2-(methyIamino)ethoxy]e%l}- 
lf/-iniida2o[4,5-c]quinolin-4-amine 




\ 



Part A 

Sodium hydride (60% oil dispersion, 9.1 g. 228 mmol) was placed in a round 
bottom flask and washed with hexanes (3X) under N^. The dried sodium hydride was 
treated with 800 mL of anhydrous THF. A solution of reit-butyl 2-(2. 
a2idocthoxy)ethylcaibamatc (41.9 g, 1 82 mmol) in 200 mL of THF was then added to the 
stirred sodium hydride solution over 40 min. Alter addition was complete, the reaction 
was stirred an additional 20 min followed by addition of methyl iodide (13.6 mL. 218 
mmol). After stirring overnight, the reaction was quenched with 300 mL of saturated 
NaHCOj solution. The reaction mixture was then treated with 200 mL of H2O and 1 L of 
EtiO. The organic phase was separated and washed witfiHzO and brine. The organic 
portion was then dried over MgS04 and concentrated under reduced pirsssure to give 41 .9 
g of ter/ butyl 2-(2-a2idocthoxy)ethyl(mcthyl)carbamate as a yellow liquid. 
PaitB 

A solution /e/t-butyl 2-(2-azidoethoxy)cthyl(methyl)caibamatc (4L9 g, 170 mmoO 
in 600 mL of McOH was treated with 2.5 g of 10% Pd on carbon and shaken under Hi (3 
Kg/cm^) for 24 h. The solution was then filtered through a Celite pad and concentrated to 
give 37.2 g of cmde /erNbutyl 2-(2-aminoethoxy)ethyl(mcthyl)caibamate as a light yellow 
liquid. 

Parte 

A stirred solution of 4-chloro-3-nitrDquinolinc (32.3 g, 155 mmol) in 400 mL of 
anhydrous CKjCh, under Nj. was treated with tricthylaminc (43.1 mL, 310 mmol) and 
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tert-butyl 2-{2-amuiocthoxy)cthyI(mcthyI)caibaniatc (37.2 g, 171 mmol). After stirring 
overnight, the reaction mixture was washed with H2O (2 X 300 mL) and brine (300 mL). 
The organic portion was dried over Na2S04 and concentrated to give a brown oil. Column 
chromatography (Si02, 33% ethyl acetate/hexanes-67% ethyl acetate/hexanes) gave 46.7 g 
5 of tert-buty! methyl(2- {2-((3-nitroquinolin-4-yI)amino]ethoxy } ethyl)carbamate as a 
yellow solid. 
PartD 

A solution of /err-butyl mcthyl(2-{2-[(3-nitroquinolin-4- 
yl)amino)ethoxy}ethyl)carbamatc (6.56 g, 16.8 mmol) in 75 mLof toluene was treated 
10 with 0.5 g of 5% Pt on carbon and shaken under Hj (3 Kg/cm^) for 24 h. The solution was 
then filtered through a Celitc pad and concentrated to give 6.8 g of crude terf-butyl 2-{2- 
[(3-aminoquinolin-4-yl)aminolcthoxy}e<hyl(methyl)carbamate as an orange syrup which 
was carried on without further purification. 
Parte 

1 5 A solution of /e/t-butyl 2-{2-[(3-aminoquinolin-4' 

yl)amino]ethoxy}ethyl(methyl)carbamate (6.05 g, 16.8 mmol) in 200 mL of anhydrous 
CH2CI2 was cooled to 0 and treated with tricthylamine (2.40 mL, 17.2 mmol). 
Mcthoxypropionyl chloride (1 .72 mL, 17.2 mmol) was then added dropwise over 5 min. 
The reaction was then warmed to room temperanire and stirring was continued for 3 h. 

20 The reaction mixture was then concentrated under reduced pressure to give an orange 
solid. This was dissolved in 200 mL of EtOH and 7.2 mL of tricthylamine was added. 
The mature was heated to reflux and stirred under N2 overnight. The reaction was then 
concentrated to dryness under reduced pressure and treated with 300 mL of EtzO. The 
mixture was then filtered and the filtrate was concentrated under reduced pressure to give 

25 a brown solid. This was dissolved in 300 mL of CH2CI2 and washed with H2O and brine. 
The organic portion was dried over Na2S04 and concentrated under reduced pressure to 
give a blown oil. The oil was dissolved in 100 mL of hot McOH and treated with 
activated charcoal. The hot solution was filtered and concentrated to give 7.20 g of iert- 
butyl 2-(2-[2-(2-methoxycthyl)-lff-imida2o[4,5-c]quinolin-l- 

30 yl Jethoxy ) cthy l(methyl)carbaraate as a yellow syrup. 
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PartF 

^^^*'o.8minol)ui200mLofr«r'i 
with MCPBA f 77% 4 1-) „ T 0 1 „ w niL ot CH2CI2 was treated 

8 bulyl 2-{2-{2-(2-methoxyethyI)-5-oxido-l//.imida2or4 5^1auin„Un . 
PartG 

A solution of rert-buorl 2-{2-[2K2-metho;.yethyI)-5-oxido-l// i„,.H r. < 

™lco^.^^ohso,:iit^^^ 

continuedfor4h.TT.e«.,H • P"^™"^ hating was 

CHrfa,. -n^^acton mixture was Acn washed wiAH^O I«/.Narn . 

brine. The organic portion was dried over N„SO "f ' ' ^ and 

V . I t ^ ^ ^ ^ 

yl]ethoxy}ethyKmethyI)caxban«te as. brown oil 
PartH 

saiimsOmLofHjOandtreaUngwithSmLofconcentiatcdNlLOH 11.. 
aqueous suspension was exacted wiA CftCl, « y <!n t . -r. 
Iav«, ^ ' * ^ ^« combined oiganic 

laycrswerednedoverNa.S04andconce„tn,tedtogive3 93.„f,^, .u T 
/2n^m^i.t • X. "'*'^'^='3 8 0r2-(2-mcthoxyeth\d>.l. 

{2^2<mcthylammo)ethoxy]cthyI}-l/<'-,„,ida2or4 5-clauinoh„^, • 

MS 344 (M + m*- «»«2ol4.5-c]qumohn-4-amme as a tan powder. 
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'H NMR (300 MHz, DMSO-rfa) 6 8.07 (d, / = 7.7 Hz. 1 H); 7.62 (dd. J = 1.0, 8.3 Hz, 1 
H); 7.42 (ddd, J - 1.0, 7.1. 8.2 Hz. 1 H); 7.22 (ddd. 7=1.1. 7.1. 8.2 Hz, 1 H); 6.49 (s, 2 
H); 4.75 (I, y = 5. 1 Hz. 2 H); 3.83 (t, J = 6.8 Hz. 4 H); 3.35 (t. J - 5.6 Hz. 2 H); 3.30 (s. 3 
H); 3.2 1 (t, y = 6.9 Hz. 2 H); 2.45 (t. y = 5.6 Hz. 2 H); 2.12 (s, 3 H). 

5 

Example 8 

i\^<2-{2-[4-amino-2-<2-methoxyethyl)-l//-imidazo[4,5-c]quinolm-l-yl]ethoxy}e 

methylbenzamide 

us 

2-(2-Mcthoxyethyl)-l-{2-[2-{methylamino)ethoxy]ethyl}-l//-imidazo[4,5- 
c]quinolin-4-aniinc (1.00 g, 2.92 mmol) was dissolved in 30 mL of anhydrous CH2Ch and 
cooled to 0 **C under Nj. To the stirred solution were added EtjN (0.81 mL, 5.81 nunol) 
and benzoyl chloride (340 ^iL, 2.92 mmol) and the reaction was allowed to warm to room 

1 5 temperature overnight. The reaction mixture was then quenched by addition of saturated 
NaHC03 solution (30 mL) and CH2Cl2(30 mL). The organic layer was separated and 
washed with H2O and brine, dried over Na2S04 and concentrated under reduced pressure. 
Purification by column chromatography (Si02. 3% MeOH/CHCb saturated with aqueous 
NH4OH) gave the product as a colorless foam. Crystallization from PiOAc and hexanes 

20 gave 540 mg of A^-(2.{2-[4-amino-2-(2-methoxyediyl)-l/f-imidazol4.5-c]quinolin-l- 
yl]ethoxy}ethyl)-Mmcthylbenzamide as a white powder, m.p, 93.5-97.0 "C; 
MS448(M + H)*; 

'H NMR (500 MHz. DMSO-rftf. 60 ^C) 5 8.04 (d. y - 7.7 Hz, I H); 7.63 (dd, J = 0.9, 8.2 
Hz. 1 H); 7.42-7.33 (m. 4 H); 7.23-7.19 (m, 3 H); 6.24 (s, 2 H); 4 J4 (m, 2 H); 3.86 (m. 2 
25 H); 3.82 (t. y = 6.8 Hz, 2 H); 3.51 (m. 2 H); 3.40 (m. 2 H); 3.29 (s, 3 H); 3.18 (t. y = 6.7 
Hz.2H);2.75(brs.3H); 
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"CNMR(125MHz.DMSO^.60'C)8,52.0. 151.9. 145.3. 137.1. ,328 131 3 1294 
128.5. 127.0. 126.9. 126.8. 126.6. 121.4. ,20.4. 1 15.3. 70.5. 69.5. 68.8. 58.4' 45 5 27 8 ' 



Example 9 

2K2-n«flK,xye.hyl)-lM2-[2-(methy,amino)ethoxy]ed,yl}-6.7.8 
imidazo[4,5-c]quinoIin-4-ainine 




2H2-Mcthoxycthyl)-,-{2-[2-(n,e%,ami„o)cthoxy]ethy!}-W-i„,i^^^^ 
2«Nnoli„^-a™i« (4.22 g.,2.3«„,o0w. dissolved 

^.cdw.ftP«^(0.5g). TT.e-ctionn,ix,u«wasshalce„„„derH,(3Kg/a„^). A«cr4 
d. an additional 0.5 g of ftO, was added am, hydroge«.tion was continued for an 
additional 3 d. TTe .^.ction was Aen filteied tfuough CeliU: and conccnta.cd under 
reduced pxessun^ to give a yel.ow oil. Tl,e yellow oi, was dissolved in 50 mL of H:0 and 
ext«ctedwith50n.LofCHCl3. The organic portion was removed and discarded TTe 
aqueous portion was then made basic (pH~12) by addition of 10% NaOH solution TOs 

was then ext^cted with CHa,(6X50mL)and the combined organic laye. were dried 
over Na,SO. and conccnlatedtoabrownoil. n« brown oil was dissolved in lOOmLof 
hot MeOH and treated with 1 g of activated charcoal. The hot solution was filtered 
throaghCehteandconcentratedtodryness. THe resulting g„m„.y solid was concentrated 
several times with Et,0 to give 3.19 g of 2-{2-methoxyethyI).l.{2.[2- 

(methy,ambo)ethoxy]e%l,-6.7.8.9-tetiahyd«.l/f-imid^^^^^ 
off-white powder. 

MS348(M + H)*; 
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*H NMR (300 MHz, CDCIj) 5 4.84 (s. 2 H); 4.48 (t, 7 = 5.7 Hz, 2 H); 3.84 (t, / = 6.7 Hz, 
2 H); 3.70 (t, / = 5.7 Hz, 2 H); 3.46 (t, y = 5. 1 Hz, 2 H); 3.36 (s, 3 H); 3.14 (t, 7 = 6.7 Hz, 
2 H); 2.96 (m, 2 H); 2.83 (m, 2 H); 2.65 (t. 7 = 5.1 Hz, 2 H); 2.36 (s. 3 H); 1.85 (m, 4 H). 



//-(2-{2-[4-amino-2-(2-melhoxyethyl)-6,7,8,9-tetrahydro-l//-imidazo[4,5-c]quinolin-l- 
y l]ethoxy } ethyl)-^-methylbenzainide 



imidazo[4,5-c]quino1in<4-afnine (750 mg, 2.16 minol).was dissolved in 20 mL of 
anhydrous CH2CI2 and cooled to 0 under Nj. To the stirred solution were added EtsN 
(0.60 mL, 4.32 mmol) and benzoyl chloride (250 jiL, 2.16 mmol) and the reaction was 
allowed to warm to room temperature overnight. The reaction mixture was then 

15 quenched by addition of saturated NaHCOj solution (30 mL) and CH2CI2 (30 mL). The 
organic layer was separated and washed with H2O (3X) and brine, dried over Na2S04 and 
concentrated under reduced pressure. Purification by column chromatography (Si02» 3% 
MeOH/CHCb saturated wifli aqueous NH4OH) gave the product as a colorless foam. The 
foam was concentrated from iso-propyl alcohol to give an syrup which solidified upon 

20 standing. The solid was dried under vacuum to give the 408 mg of N-(2-{2-[4-amino-2- 
(2-mcthoxyethyl)-6,7,8,9-tetrahydro-lH-imidazo[4,5-c]quinolin-l-yi]cthoxy)ethyl)-N- 
methylbenzamide as an off-white powder. 



m.p 83.0-87.0 X; 
MS 452 (M + H)*; 

25 *H NMR (500 MHz, DMSO^<j. 60 X) 5 7.37 (m, 3 H); 7.23 (m. 2 H); 5.46 (s. 2 H); 

4.43(m. 2 H); 3.76 (t. J = 6.8 Hz, 2 H); 3.68 (m, 2 H); 3.50 (m, 2 H); 3.42 (m. 2 H); 3.27 



5 



Example 10 




10 



2-(2-Methoxyethyl)-l-(2-[2-(mcthylamino)cthoxy]ethyl}-6,7,8,9-tetrahydro-l//- 
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(s. 3 H); 3.05 (t, J = 6.4 Hz. 2 H); 2.92 (m. 2 H); 2.80 (s. 3 H); 2.65 (m. 2 H); 1.74 (m. 4 
H); 

"C NMR (125 MHz. DMS(W,. 60 -Q 5 150.5. 148.5. 145.8. 137.9. 136.4. 128.7. 127.8 
126.3. 124.5, 105.1. 70.1, 69.8. 68.0, 57.7, 44.0. 32.1. 27.1. 23.2, 22.4. 22.4 
5 Anal. Calcd for C^HjjNjOj A30 QH^): %C. 66.24; •^H. 7.60; %N. 1 4.91 . Found- %C 
65.86; %H, 7.81; %N. 15.10. 



Example 1 1 

l-{l-((2-pjperidm-4-ylcthoxy)methyl]pnvyl)-m-imida2o(4.5-c]q^^^ 

NH, 




Part A 



Using the general method of Part A of Example 1.4-pipcrid, ncethanol(10g.77.4 
mmol) wasreactcd with di-tert-butyld,ca,bonate(17.7g. 81.3 mmol) to proW^ 13.1 gof 

fer/-butyl4K2-hydroxyethyl)piperidine-l-carboxylateasaclearoiI. 
PartB 

Iodine (7.97 g) was added in three portions to a solution of imidazole (3.89 g. 57.1 
mmol) and Iriphenylphosphine (14.98 g. 57.1 mmol) in dichloromethane (350 mL). After 
5 minutes a solution of the material from Fait A in dichloromethane (70 mL) was added. 
The reaction mixture was stirred at ambient tcmpen,tu« overnight More iodine (7.97 g) 
was added and the reaction was stirred at ambient temperatuie for 1 hr. TTk reaction 
mixtuie was washed with saturated sodium thiosulfate (2X) and brine, dried over sodium 
sulfate, filtered and then concentrated under reduced pressure to provide an oily residue. 
The residue was purified by column chromatography (silica gel eluting with 20% ethyl 
acetate in hexanes) to provide 1 5.52 g of tert-butyl 4-(2-iodoethyl)piperidine-l- 
carboxylate as a pale yellow oil. 



45 



wo 02/46188 



PCT/USOl/46359 



Parte 

Under a nitrogen atmosphere, 2-(l//-imidazoC4,5-c]quinolin-l-yl)butan-l-ol (6.5 g, 
26.9 mmol) >^as added in three portions to a suspension of sodium hydride (1.4 g of 60%, 
35.0 mmol) in anhydrous NJ^-dimediylfontnamide. The reaction mixture was allowed to 

5 stir for 45 minutes by which time gas evolution had ceased. TerZ-butyl 4-{2- 

iodoethyl)piperidine-l-carboxylate (10.05 g, 29.6 mmol) was added dropwise over a 
period of 1 5 minutes. The reaction mixttire was allowed to stir at ambient temperature for 
2.5 hrs; then it was heated to lOO'^C and stirred overnight. Analysis by HPLC showed that 
the reaction was about 35% complete. Saturated ammonium chloride solution was added, 

10 the resulting mixture was allowed to stir for 20 minutes and then it was extracted with 

ethyl acetate (2X). The ethyl acetate extracts were washed with water (2X) and then with 
brine, combined, dried over sodium sulfate, filtered and then concentrated under reduced 
pressure to provide a brown oil. The oil was purified by column chromatography (silica 
gel eluting sequentially with 30% ethyl acetate in hcxanes, 50% ethyl acetate in hexanes, 

15 and ethyl acetate) to provide 2.2 g of /crf-butyl 4-{2-[2-(l//-imida2o[4,5-c]quinolin-l- 
yObutoxylethyl}piperidine-l-carboxylate. 
PaitD 

Using the general method of Example 1 Part H, the material from Part C was 
oxidized to provide tert-butyl 4-{242-(5-oxido-l//-imidazo[4,5-c]quinolin-l- 
20 yl)butoxy]cthyl} piperidine-1 -carboxylate as an oil. 
PartE 

Ammonium hydroxide solution (20 mL) was added to a solution of the material 
from Part D in dichloromethanc (20 mL). A solution of tosyl chloride (0.99 g, 5.2 mmol) 
in dichloromethane (10 mL) was added over a period of 5 minutes. The resulting biphasic 

25 reaction mixture was allowed to stir overnight The reaction mixture was diluted with 
chloroform and saturated sodium bicarbonate solution. The layers were separated. The 
organic layer was dried over sodium sulfate, filtered and tfien concentrated under reduced 
pressure to provide a brown glass. This material was purified by column chromatography 
(silica gel eluting first with 50% ethyl acetate in hcxanes and then with ethyl acetate) to 

30 provide 1.0 gof tert-butyl 4-{2-(2-(4-araino-l//-imidazo[4,5-c]quinolin-l- 
yl)butoxy]ethyl}piperidine-l -carboxylate as pale yeUow glassy foam. 
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PartF 



10 



15 



20 



25 



Under a nitrogen atoosphcn:. .ertA>utyl 4-{2-(2-(4-ammo-l//-imidazo[4 5- 
.]qu.„oI«-,.y,)b«o,yj,^y,jpip^j^.,^y,^^ (,.00 g. 2.1 nunol) and 2N 
eehanohc hyd^chloric acid (10 ... 20 ™.o,) we. combined and ^ solution was stined 
a. an, .e„t te.pentu. for 14 hou.s. THc solvent was removed in .acuo and «.e resulting 
.an sohd was dissolved in water. Saturated aqueous sodium carbonate was added undl the 
PH reached 10. Ailer extraction with dichloromethane (3X). the orgamc fractions ^rc 
con.b.ned. washed with brine, dried (Na.SO., fi,te.d. and the majonty of the solvent was 
rcmoved^^cuo. Hexane was added to form a precipitate. Vacuum filtration yielded 0 5 
g of •-<H(2-pipendi„^-y,cthoxy)methyl]propyI}-,/r-imidaz^^^^ ^ 
a taxr powder. 

'H-NMR (300MHz. DMSCW.) : 5 8.34 (bs. IH). 8,19 (d. J = 8.49Hz. 1 H). 7 61 (dd, J = 
8.31. 1.13Hz, lH). 7.45-7.39(m. IH). 7.25-7. 19 (m. IH). 6.55 (s. 2H). 5.25-5.15 (m. ,H) 

4^.80(m.2H).3.5-3.3(m.2H).2.8-2.64(m.2H,.2.22-2.1,(m.2H).2.09-l^(m. 
2H). 1.8-1.63 (bs. IH). 1.37-1.0 (m. 5H). 0.95-0.7 (m, 5H); 

'^C-NMR(75MHz.DMS0.1.): 5 152.8. ,45.8. 140.6. 133A 127.8. 127.0. 126.9. ,21 3 • 
«21.0. 115.5. 71.8. 68.1. 58.4. 46.1. 36.3. 33.1. 32.7. 24.5. 9.9; 

MS (CO m/e 368.2459 (368.2450 calcd for Cj.HmNjO). 



Example 12 

5H2K4.amino.l/f.imidazo[4.5-c]quinolin-l-y,)ethoxy]-N-methyl-N-phe„ylpe, 



ntanamide 




• Us-ngthegeneralmeAodofPartsCandDofExample 11.2Kl/f-imidazoI4.5- 
cJquinolin-l-yDchanoI (0.63 g. 2.9 mmol) and 5-bromo-N-methy.-N-pheny.pcntanamide 
(1 J g. 4.8 mmol) we« combined to provide 0.24 g of 5-I2-(5-oxido-17/-imidazo(4 5- 
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c]quinolin-l.yI)ethoxy]-N-methyI-N«phcnyIpentanamide as a colorless oil. The resulting 
N-oxide product was dissolved in dichloromethane and trichloroacetyl isocyanate (0.1 1 
ml) was added dropwise, TTje reaction was stiired at room temperature for 2 hours and 
then the solvent was removed under vacuum. The resulting oil was dissolved in methanol 
5 and sodium methoxide (0.2 ml, 25% by weight in methanol) was slowly added. The 

reaction was maintained ovcmigjit and then concentrated under vacuum. Purification by 
flash column chromatography (silica gel. 9.1 ethyl acetate\methanol) provided 24 mg of 5- 
(2-(4-amino-l//-imida2o[4,5<]quinolin-l-yl)ethoxyl-N-methyl-N-phenylpentanamid^ 

a white solid. 

10 *H NMR (300 MHz, CDCh) 5 7.94 (d, J=8.1 Hz, IH). 7.83 (m. 2H). 7.52 (dt. J=7.7.l.3 
Hz, 1 H), 7.41-7.28 (m, 4H), 7.12 (d. J-7.8 Hz. 2H). 5.55 (broad s, 2H), 4.65 (t, J=5.3 Hz. 
2H). 3.85 (t, J=5.3 Hz. 2H), 3.31 (t, J=6.3 Hz. 2H). 3.24 (s. 3H), 2.02 (m. 2H). 1.56 (m, 
2H),1.40(m, 2H); 

lR(KBr) 3429. 3104. 2946. 2877. 1646. 1595, 1584. 1532. 1496. 1482. 1398, 1360. 1254, 
15 1121.749,705 cm'; 

MS (EI) m/e 417.2160 (417.2165 calcd for C24H27N5O2). 

Example 13 

5-(2-(4-amino-li/-imidazoI4.5-c]quinolin-l-yl)ethoxy]-N-butyl-N-phenylpente 




2-(lJ^-Imidazo[4,5-c]quinolin-l-yl)cthanol and 5-bromo-N-butyl-N- 
phcnylpcntanamidc were combined and treated according to the general procedure 
25 described in Example 12. Purification by flash cohmm chromatography (silica gel, 98:2 
ethyl acctatcNmethanol) provided 5-[2-<4-amino-l/f-imidazo[4,5-c]quinolin-l-yl)etfK)xy]- 
N-butyl-N-phenylpentamide as a colorless oil. 

'H NMR{300 MHz, CDClj) 5 7.93 (d, J-8.0 Hz. IH), 7.87-7.85 (m. 2H). 7.54 (dt, 
J«7.7,l.l Hz. IH), 7.41-7.29 (m,4H), 7.10 (d,J=7.2 Hz. 2H). 6.20 (broad s,2H). 4.66 (t, 
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J=5.2H2.2H).3.85(U=5.2H2,2H).3.66(t J=75H2.2m l^l... , . 
(t. J-7.2 Hz. 2H). 1.56-1.25 (m. 8H). 0.88 (t. J=7.2 Hz 3H)- 
MS (EI) „./e 459.263 1 (459.2634 calcd for C„H,3N,0,). ' 



Example 14 




confinnftefonnarionofthe desired product n.ere,.H • ^^^^ 
preparartvc HPLP .„ x. . . 

328 1 535 M T' ^ ^••>- " 

^-io.iDJ5, Measured mass = 328 J 534. 



Examples 15-34 

The compounds in the table below were nmr««^ 
^ ^'^^ P'^P*'^ accordmg to the synthetic 
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Number 


Structure of Free Base 


Accurate 
Mass (obs.) 








15 


y 


396.2404 








16 




412.2717 








17 




424.2717 








18 


.H3 


432^407 



so 
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1 Examp 


e 

r StnjctufB of Free Base 


Accurate 


19 




Mass (obs.) 
438.2748 


1 




446.2560 


1 




450.2318 1 


j 22 


^^^^^^^ 


452.2116 1 
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Example 
Number 


Structure of Free Base 


Accurate 
Mass (obs.) 








23 




457.2369 








24 


us 


457.2333 


25 




460.2693 


26 


.^0 


462.2529 
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Exampfe 
Number 


Structure of Free Base 


Accurate 








27 




462.2502 








28 


us 


467.1952 








29 




472.2708 








30 




476.2659 
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Examples 35-51 

Il«compou„cfai„thcu.blcbelowwereprepared3ccordh,gtothes^^^^^ 
me*odofs.ep(7)ofReactio„Sche.enabove„.„,.,.ronowing«e„X^^^ 

.ch,o..e«,a„e(5„^).ThetesHube«.c,pped^ 

w s punfied by sem.-preparative HPLC using Method B described .bove. TT.c table 
'«'-*°-''««-«"«ofU.fieebasea„ddKobservcdaccu«.e™ass(M.H). 
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Example 
Number 


Structure of Free Base 


Curate Mass 
(6bs.) 


35 




436.2683 


36 




452.3014 


37 




464.3045 


38 




472.2717 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 


39 


A) 

0 


486.2878 








40 




490.2592 








41 




492.2419 


42 


o 


497.2682 
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Example 
Number 


Stnjcture of Free Base 


Accurate Mass 
(obs.) 








47 




51^3038 








48 




516.2965 








49 


o 


522.2836 














50 




540.2534 
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Example 
Number 


StiucUire of Free Base 


Accurate Mass 
(obs.) 


51 


o 


556.2521 



Examples 52 - 66 



The compounds in the tabic below were prepared according to the syndetic 
method of step (7) of Reaction Scheme 11 above using the following general method. 

5 l-[2-{2-Aminoethoxy)ethyl]-l/f-imidazo[4,5-c]quinolin-4-amine(20mg) and 1- 

methyl-2-pyrroHdinone (5 mL) were combined in a test tube and sonicated with heating to 
provide a solution. The acid chloride (1.1 cq.) was added. The test tube was capped and 
then placed on a shaker at ambient temperature for 20 hr. The solvent was removed by 
vacuum centrifiigation. The residue was purified by semi-preparative HPLC using 

10 Method B described above. The table below shows the structure of the ftee base and the 
observed accurate mass (M H). 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 


52 




356.2093 


53 




376.1783 


54 




3^^2260 


55 




390.1949 
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Example 


Structure of Free Base 


Accurate Mass 
(obs.) 








56 




396.1503 














57 




401.1707 






• 








58 




404.2105 














59 




406.1855 
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Example 
Number 


Stfucture of Free Base 


Accurate Mass 
(obs.) 








60 




406.1861 














61 


u s 


411.1320 














62 


\ 


420.2047 














63 




426.1912 
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Exampia 
Number 


Structure of Free Base 


Accurate K4as5 
(obs.) 


64 


US 


444.1628 








65 


F 


444.1655 


66 




460.1608 
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10 



CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro human blood cell system is used to assess cytokine induction. Activity 
is based on the measurement of interferon and tumor necrosis factor (a) (IFN and TNF. 
respectively) secreted into culture media as described by Testerman et. al. In "Cytokine 
Induction by the Imraunomodulators Imiquimod and 5-27609% Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 
Blood Cell Pr eparation for Culture 

Whole blood from healthy human donors is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) arc separated from whole 
blood by density gradient ccntrifugation using Histopaque<S>.1077. The PBMCs are 
washed twice with Hank's Balanced Salts Solution and then arc suspended at 3^ x 10* 
cells/raL in RPMI complete. The PBMC suspension is added to 48 wcU flat bottom sterile 
tissue culture plates (Costar. Cambridge. MA or Bccton Dickinson Labware. Lincoln Park, 
NJ) containing an equal volume of RPMI complete media containing test compound. 
15 Compound Preparation 

The compounds arc solubilized in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells 

Incubation 

The solution of test compound is added to the first well containing RPMI complete 
and serial dilutions arc made in die wells. The PBMC suspension is then added to the 
wells in an equal volume, bringing the test compound concentrations to the desired range. 
The final concentration of PBMC suspension is 1 .5-2 X 10* cells/mL. The plates are 
covered with sterile plastic lids, mixed gently and then incubated for 18 to 24 hours at 
25 37''C in a 5% carbon dioxide atmosphere. 
Separation 

Following incubation the plates arc centrifuged for 5-10 minutes at 1000 ipm 
(-200 X g) at 4*X:. The cell-fiee culture supernatant is removed with a sterile 
polypropylene pipct and transferred to sterile polypropylene tubes. Samples arc 
maintained at <30 to .70X until analysis. The samples arc analyzed for interferon (o) and 
for tumor necrosis factor (a) by ELISA 



20 



30 
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Interferon fa) and Tumor Necrosis Factor (a) Analysis bv ELISA 

Interferon (a) concentration is determined by ELISA using a Human Multi-Species 
Idt torn PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in 
pg^mL 

5 Tumor necrosis factor (a) (TNF) concentration is determined using ELISA kits 

available from Genzyme, Cambridge, MA; R&D Systems, Minneapolis, MN; or 
Pharmingen, San Diego, CA. Results are expressed in pg^mL. 

The table below lists the lowest concentration found to induce interferon and the 
10 lowest concentration found to induce tumor necrosis factor for each compound. A 

indicates that no induction was seen at any of the tested concentrations; generally the 
highest concentration tested was 10 or 30 (iM. 



Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (^M) 


Number 


Interferon 


Tumor Necrosis Factor 


12 


3.33 




13 


ID 




14 


0.37 




15 


0.1 


1 


16 


O.l 


I 


17 


I 


1 


18 


1 


10 


19 


1 


10 


20 


0.1 


10 


21 


1 


10 


22 


0,1 


10 


23 


1 


10 


24 


1 


10 


25 


1 


10 


26 


1 


10 
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Cytokine Induction in Human Cells 


trample 
Number 


[ Lowest Effective Concentration (jiM) 


1 Intel feron 


Tumor Necrosis Factor 


27 


j 1 


10 


28 


1 ^ 


10 


29 


1 


10 


JM 


1 


10 


31 
J I 


1 * 


10 


jZ 


1 ♦ 


10 


11 


1 * 


10 


1A 

J4 


1 • 


10 


1^ 


1 


1 


io 


[ 1 


I 


37 


1 I 


I 


38 


1 


10 


39 


1 


10 


40 


1 


1 


A 1 

41 


01 


1 


4z 


1 


1 




Al 


1 


10 






I 


I 






0.1 


1 




46 


0.1 


1 




47 


1 


* 




48 


0.1 


10 




49 


1 


10 




5^ 


1 


1 




51 


10 


10 




52 


10 . 


10 




53 


10 


10 


1 1 


10 




10 
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Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (>iM) 


Number 


Interferon 


Tumor Necrosis Factor 


55 


1 


10 


56 


1 


10 


57 


10 


* 


58 


10 


10 


59 


10 


10 


60 


10 


10 


61 


10 


10 


62 


I 


10 


63 


« 


10 


64 


10 
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* 


• 


66 


* 


* 
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1. 



A compound of the fonnula (I): 



5 




N 



N 



X-0~R, 



10 



(I) 



wherein: 




-R4-CR3-Z-R«^alkyI; 

-R4-CRr-Z-R«-aIkenyI; 

-R4-CRr-2-R«-aiyl; 

-R4-CR3-^R^— hctcroaiyl; 

-R4~CR3-Z-R^-hctcrocyclyl; 

-R4'CR3-Z-H; 

-R4~NR7-CRr-R6-alkyl; 

-R4-NR7 -CRj-R^-alkenyl; 

-R4-NRr-CRr-R6-aiyl; 

•R4-NR7-CR3-R«-4ieteroaiyl; 

-R4-NRr-CRr-R6-hcterocyclyl; and 

-R4-NR7-€Rr-R«; 
each Z is independently -NRr-, -0-, or -S-; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkcnyl; 
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-aryl; 

-hcteroaiyl; 
-heterocyclyl; 
-aIkyl-Y-a!kyl; 
-alkyl-Y-alkcnyl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of. ' 

-OH; 

-halogen; 

-N(R5)2; 

-CO-N(R5)2; 

-CO-Cmo allQrl; 

-CO-O-CMoalkyU 

-Nj; 

-aryl; 

-hcteroaiyl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-heteroaiyl; 
eachR3is=Oor=*S; 

each R4 is independently alkyl or alkenyl, which may be intemipted by one 

or more -O- groups; 

each Rs is independently H or C|.io alkyl; 

is a bond, alkyl, or alkenyl, which may be interrupted by one or more 
-O- groups; 

Ki is H, Cmo alkyl. or arylalkyl; or R4 and R7 can join together to form a 
ring; 

Ra is H or Ci-io alkyU or R7 and Rs can join together to fonn a ring; 

each Y is independently -O- or -S(0)a.2S 

Dis0to4;and 
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each R present is independently selected from the group consisting of C,.,o 
alkyl. C,.,o alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phaimaceutically acceptable salt thereof 

2. A compound or salt of claim 1 wherein the heteroaiyi is selected from the group 
consisting of 2.pyridyl, 3-pyridyl. 4-pyridyl, 2-thiazolyl, and 4-pyra2oIyl. 

3. Acompoundorsaltofclaim 1 wherein X is ^H(alkyl)(alkyl>- wherein the alkyl 
groups can be the same or different 



4. 


A compound or salt of claim 1 wherein X is -CHr-CHj-. 


5. 


A compound or salt of claim 1 wherein X is -CHCCiHjXCHj)-. 


6. 


A compound or salt of claim 1 wherein R2 is H. 


7. 


A compound or salt of claim 1 whensin R2 is alkyl. 


8. 


A compound or salt of claim 1 wherein R2 is -alkyl-O-alkyl. 


9. 


A compound of the formula (II) 




wherein: X is -CHR,-. -CHRj-alkyI-. or -CHRj-alkenyl-; 
Ri is selected fiom the group consisting of: 
-R4-CRr-Z-R«-al]cyl; 
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-R4-CR3-Z-R«-alkenyl; 
♦R4-€R3-Z-R«-aryl; 
-R4-CR3-Z-R«-hetcToaiyl; 
-R4-CR3-Z-R^— hcterocyclyl; 
5 -R4-CRr-Z-H; 

-Rr-NR? -CR3-R«— alkyl; 
-R^NRt -CR3-R«-alkenyl; 
-R4-NRT-CRr^-aiyl; 
-R4-NR7-CR3-R6-hetcroaryl; 
-R4-NRr-CRr-R«-hetcrocycly!; and 
.R<-NR7-CR3-R«; 
each Z is independently -NRj-. -O-, or -S-; 
Ri is selected from tfie group consisting of: 
-hydrogen; 
15 -alkyl; 

-alkenyl; 
-aryl; 

-heteroaiyl; 
-heterocyclyl; 

20 -alkyl-Y-alkyl; 

-alkyl-Y-alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkcnyl substituted by one or more substituents selected 

from the group consisting of: 

25 O^l 

-halogen; 

-NCRsh; 
-CO-N(R5)2; 
-CO-Ci-io alkyl; 
30 -CO-OCi-io alkyl; 

-Nj; 
-aiyl; 
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15 



20 



25 



30 



10. 



11. 



-heteroaryl; 
-heterocycfyl; 
-CO-aiyl;and 
-CO-hcteroaiyl; 
eachR3is=Oor=S; 

each R, is independently alkyi or allccnyl. which may be interrupted by one 

or more -O- groups; 

each R5 is independently H or CMoalkyI; 

is a bond, alkyl. or alkenyl. which may be intemipted by one or moie 
-O" groups; 

R7 is H. C,.,o alkyl, tryUSkyl; or R4 and R, can join together to form a ring; 
R. is H orC,.,o alkyl; orR, and R, can join together to form a ring; 
each Y is independently -O- or -S(0)o.r; 
n is 0 to 4; and 

each R present is independently selected ftoni the group consisting of C,.,. 
alkyl. C,.,o alkoxy. hydroxy, halogen, and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 

A compound or salt of claim 9 wherein R, is H or alkyl. 
A compound or salt of claim 9 wherein R, is HiDcyl-O-alkyl. 



12. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound or sak of claim 1 and a pharmaceutically acceptable carrier. 

13. A method of inducing cytokine biosynthesis in an animal comprising administering 
athe«peudcally effective amount ofacompound or salt of claim 1 to the animal. 

14. Tlic method ofcLiim 13 wherein ttw cytokine is IFNmi. 

15. A method of treating a viral disease in an animal comprising admimstering a 
theiapeutically effective amount of a compound or salt of claim 1 to the animal. 
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16. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 to the animal 

1 7. A compound of the formula (Lll): 




(in) 



wherein: X is -CHR5-. -CHRs-alkyl-, or -CHRs-alkenyl-; 
R} is selected from the group consisting of: 
-R4-CRr-Z-R«--alkyl; 
-RHI^Rs-Z-R^—alkenyl; 
-R4-CRr-Z-R6— aryl; 
-R4-CR3-2r-R«— hcteroaiyl; 
-Rf-CRj-Z-R6— heterocyclyl; 
-R4— CR3— Z— Hj 
-R4-NR7 -CRr-R«— alkyl; 
-R<-NR7 -CR3-R«— alkenyl; 

-R4-NRr<^Rr-R«-aryl; 
-R4-NR7-<:Rr-R€-hcteroaryl; 

-R4-NR7-CRj-R^eterocyclyl; and -Rr-NR?- 

CRr-R«; 

each Z is independently -NRs-, -0-, or -S-; 
R] is selected from the group consisting of: 

•hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 
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-heteroaryl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-V-alkcnyl; 
-alkyl-Y-aryl; and 

- alky I or alkcny I substituted by one or more substitucnts selected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R5)2; 

-CO-C,.,oalkyl; 

•CO-CMTMoalfcyl; 

-N3; 

-aiyl; 

-heteroaryl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-hcteroaiyl; 
cachRjis=Oor=S; 

each E4 is independently alkyi or alkenyl, which may be interrupted by one 

or more — 0~ groups; 

each R5 is independently H or Cuoalkyl; 

R« is a bond, or is alkyl, or alkenyl, which may be interrupted by one or 
more -O- groups; 

R7 is H, Cmo alkyl, or arylalkyl; or R4 and R7 can join to form a ring; 
R« is H or Cmo alkyl; or R7 and R« can join to form a 
each Y is independently -O- or -S(0)o,2S 
D is 0 to 4; and 

each R present is independently selected from the group consisting of Ci 
alM» C|.io alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 
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1 8. A compound of the formula (IV): 




(IV) 



wherein X is -CHR5-, -CHRs-aUcyl.. or -CHRs-alkenyl-; 
Ri is selected from the group consisting of: 

-R4-CR3-Q-R<~alkyl; 

-R4-CRH)-I^— al^enyl; 
10 -R4-CR3-Q-R«-aryl; 

-R4-CR3-Q-R6—l«teroaiyl; 

-R4-€Rj-<}-R«— heterocyclyl; 

-Rr-CRj-Q-H; 

-R4-NR5 -CR3-R«-alkyl; 
1 5 -Rr-NR5 -CRi-R«-alkcnyl; 

-Rr-NR? '<:R3-R^--aryl; 

-Rr-NR? -CR3-R4i-hetcroaiyl; 

-R4-NR7 -CR3-R«-hctcrocyclyl; and 

.R4-NR7-CR3-R*; 
20 each Q is independently -NR5- or -0-: 

cachRiis=Oor=S; 

each R4 is independently all^I or alkenyl. which may be intenupted by one 
or more -O- groups; 
each R5 is independently H or Ci-ioalkyl; 
25 R4 is a bond, alkyl, or alkenyl, which may be interrupted by one or more 

-O- groups; 

R7 is H, Cmo alkyl. or aiylalkyl; or R4 and R7 can join to form a ring 
Rt is H or Ci-io alkyl; or R7 and R« can join to form a ring; 
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D is 0 to 4; and 

each R present is independently selected from the group consisting of C,.,o 
alkyi, Ci-io alkoxy. halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt diereof. 

19. A phaimaceutical composition comprising a thciapeuticaHy effective amount of a 
compound or salt of claim 9 and a pharmaceutically acceptable carrier. 

20. A method of inducing cytokine biosynthesis in an animal comprising administering 
a therapeutically effective amount of a compound or salt of claim 9 to the animal. 

21. The method of claim 20 wherein the cytokine is IFN-a. 

22. A method of treating a viral disease in an animal comprising administering a 
15 «w"Peutically effective amount ofa compound or salt ofclaim 9 to the animal. 

23. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 9 to die animal. 



10 



20 



15 



24. A compound of the formula (V): 




X-0— Ri-N-R, 
(V) 



wherein: Xis-CHR,-.-CHR,-alkyl-,or-CHR5-alkeny|.; 
Ri is selected from the group consisting oft 
-hydrogen; 
-alkyI; 
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-alkenyl; 
•aryl; 

-hcteroaryl; 
-heterocyclyl; 
-all^l-Y-alkyl; 
-allQfl-Y.alkcnyl; 
-aUQfl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R5)2; 

-CO-Cmo alkyl; 

-CO-0-Ci.ioalkyi; 

-Nj; 

-aiyl; 

-hcteroaryl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-heteroaryl; 

each R4 is independently alkyl or alkenyl, which may be interrupted by one 
or more -O- groups; 

Rt is H, Ci.io alkyU or arylalkyl; or R4 and R7 can join to form a ring; 

each Y is independently -O- or -S(0)o-r ; 

Dis0to4;and 

each R present is independently selected from the group consisting of Ci-io 
alkyl, Ci.io alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phaimaceutically acceptable salt thereof. 
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